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PECHNICAL 


1 the Department of Medicine, Columbia 
and the 


methods which produced 
human coughing 
were developed as an aid to the elim- 
ination of bronchial secretions in clini- 


similar to 


cal entities in which retention of mu- 
copurulent exudate resulted in pulmon- 
iy atelectasis or impaired respiratory 
tunction, including poliomyelitis, myas- 


the 


gravis, bronchial asthma, bron- 
chiectasis and pulmonary emphy- 
sen '. Further investigation of the 


physiologic changes induced by cough- 
ing ‘ed to the development of a more 
effective physical technique by which 
expiratory rates were produced 
that surpassed those attainable by the 
mos! vigorous cough of normal individ- 
uals 1s well as patients with broncho- 
nary disease. 


flow 


Presbyterian Hospital, 


ASSISTANT 
University, College of Physicians and Surgeons 
New York, New York) 


The first methods employed that in- 
itiated pressure changes in the re spira- 
tory tract comparable to those found in 
coughing consisted of a modification of 
explosive decompression. With the body 
of the patient totally enclosed in a 
steel chamber, a pressure drop of 1/7th 
of an atmosphere was induced in 0.06 
second at the start of the expiratory 
cycle; close-fitting baffle placed 
around the neck of the patient pro- 
vided a differential chest compressing 
pressure of 30 to 40 mm. Hg at the 
start of the expiratory cycle. This 
mechanical “cough” chamber was made 
by adapting the equalizing pressure 
chamber, originally developed to im- 
mobilize the lungs of patients with 
pulmonary tuberculosis, for the pur- 


s study was supported by a grant from the National Foundation for Infantile Paralysis. 


’ sented at the Meeting of the 
May 5-6, 1953. 


Association of American Physicians at Atlantic C ity, 


New 
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pose described. The second method 
utilized the relaxation pressure of fully 
inflated lungs, produced by an intra- 
tank negative 10 mm. Hg 


in the conventional respirator, with the 


pressure of 


patient's head in the outer atmosphere. 


Termination of the pressure surround- 
ing the body in 0.04 second permitted 
the elastic recoil ot the 


rounding structures to empty a high 


lungs and sur- 


tidal volume swiftly, without opposition 
from the gradu: illy decreasing negative 
other forms 
of intermittent pressure breathing. The 
expiratory flow rates at the start of the 
expiratory cycle produced by this pro 
found to 
high as the 


most vigorous 


pressure characteristic of 


cess called exsufflation, were 
be approximately 60% 

maximal flow rates of the 
coughs of a series of normal individuals 
and generally higher than those of pa 
tients with poliomyelitis 
breathing difficulties*:*. 


ical technique employed was a com- 


who had 
Another phys- 


bination of exsufflation plus either (a 


manual ( positive pressure 


sion of the chest or (b 


compres- 
the application 
of a negative pressure of 20 mm. Hg to 
the upper respiratory passageway dur 
ing the expiratory cycle, in a dome sur 
rounding the head of the patie nt, with 
an intra-dome pressure of 

mm. Hg*>. The gradient of 
from the alveoli to the atmos- 
phere was thus increased and, when the 
pressure in the body compartment be- 


minus 20 
pressure 
outer 


came atmospheric and the pressure in 


the dome surrounding the head was 
maintained at minus 20 mm. Hg, a com- 
pressing chest pressure of 20 mm. Hg 
was achieved. Although the therapeu- 
tic value of exsufflation plus negative 
intra-dome pressure was apparent as an 
effective clinical method of eliminating 
previously retained bronchial  secre- 
tions, the precise initiation of the pres- 
sure changes described, as well as their 


* The two models of the E.W.N.P. 


East Norwalk, Connecticut. The Exsufflator 
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apparatus are manufactured by the O.E.\ 


SMITH: 


measurement, presented technical dif 
body and head of 
the patient were both totally enclosed 


ficulties when the 


in the respirator. 

The purpose of this paper is to di 
scribe a mechanism by which negativ: 
pressure is applied to the upper res 
mask or 
moment the peak 
With 


the use of a high spee 1d suction blower 


piratory passageway (by a 
mouthpiece ) at the 
inspiratory pressure is re ‘ached. 
expiratory flow rates were re ‘adily pro 
duced beyond the capacity of human 
At the start of application of 


pressure, the 


coughing. 
diameter of the 
The ef 


ficiency of the expiratory blast of air 


negative 
bronchial tree is at its widest 
re sponsible for elimination of secretions 
from the 
dependent on aeration of alveoli pre 


lungs seemed to be largely 


viously poorly ventilated because of 
obstructing mucous 
Method. The | N P exsultl 


tion with negative includes a blow 


er to inflate the 


positive 


pressure 
gradually with th 
desired, that is, 20 to 4 
mm. Hg, and an additional blower whic! 
develops a negative of 20 t 4( 
mm. Hg, with high volume flow 


ungs 


pre ssure 


pressure 
rates 
increased by a setting 
Variac to 15 or more 
twice the air velocity of the 
healthy 
is connected by rubber tubing to the positive 
outlets of the blower 
mask (or mouthpiece . The ngs 
inflated by air from the positive 


latter may be 
liters per second 
cough of 
individuals A valving arrang: 
and me gative 
and the 


are slowly 


pressure 


pressure blower and, at the peak inspiratory 
pressure, the patient (or attendant) p 
trigger which opens the valve to the nega 


blowe T The 


terminated in 


tive pressure inspiratory res 


sure may also be 9.5 seconds 
by a solenoid valve operated by a time lay 
relay circuit, as illustrated in Fig. 1.° 17 

gradient established be eel 
the pressure of the inflated lungs and tl eg 
mask re 
air being expelled fro 
lungs at a flow rate greater than that pré 


viously obtained in maximal human cou: 


( reased pre ssure 


ative pressure maintained in the 


sponsible for 


Corps 


used as an attachment to the convention tank 
respirator is made by the De Florez Company, New York 


MECHANICAL PRODUCTION 

Results. The rapidity of the mask 
pressure drop is shown in Fig. 2, in 
which it will be seen that a peak in- 
spiratory pressure of 33 mm. Hg falls 
to 6 mm. Hg below the atmosphere in 
).02 second, and is then succeeded by 
99 


i further subatmospheric drop of 


mm He 
a 
\\ 
/ J 


EXPIRATORY FLOW RATES 245 


The expiratory volume flow rates in 
maximal human coughing were com- 
puted from the differential pressure 
wcross a inch orifice in a % inch metal 
tube by a Statham strain gauge. The 
relationship between the differential 
pressure and air flow rates, measured 
by 


means of a variable-speed motor 


~ 


During inspiration, the mask (A 
n of the lungs is accomplished 


. is connected to a pressure-blower (E), by 


which 


The duration of Inspiration, generally 2.5 seconds, is 


egulated by one of a pair of time-delay switches (G), activating a solenoid (B). At the 

eak of inspiration, the solenoid (B) opens, connecting the mask (A), to the negative pressure- 

D Phe peak positive and negative pressures may be varied by means of a butterfly 
valve (F), and a powerstat (C tively 


respe 


Mask pressure changes with E.W.N.P 


mmHg 
+30 5 
Inspiration 
+15 - 


tmosphere 0 + 


-15 
expiration 
-30 4 
Fig ‘ (he peak mask pressure of 36 mm. Hg is developed slowly. The opening of a solenoid 
alve tiates expiration, the pressure dropping from 36 mm. Hg to the atmosphere and 38 


mm. Hg below the atmosphere, a total of 74 mm. Hg. 
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blowing into a Tissot spirometer, was 
pertectly linear. The average maximum 
expiratory volume flow rates in 15 nor 
mal subjects tested with E.W.N.P. were 
15% higher than those obtained by their 
most powerful coughs; in 9 of 20) pa- 
tients with respiratory difficulties, bron- 
chial asthma, pulmonary emphysema 
bronchiectasis or poliomyelitis, the max 


PrABLE PEAK EXPIRATORY 
MAXIMAL EFFORT AND DURING 


SMITH: 


imal expiratory flow rates were less thai 
3000 cc.; the calibration of the flow 
meter on a Statham strain gauge is not 
accurate with flows under 3000 cc./s« 


The average flow rates produced by 
E.W.N.P. were at least twice those init 

ated by their maximal coughs, as seen 
in Table 1. The individual results a 

shown in Table | 


FLOW RATES DURING A COUGH O1 
E.W.N.P., IN PATIENTS WITH BRON 


CHIAL ASTHMA, PULMONARY EMPHYSEMA, BRONCHIECTASIS AND 
CHRONIC SPINAL POLIOMYELITIS 
\ NORMAL SUBJECTS 
E.W 
( Cougl E.W .N.P Cougl 
\ yn CC. P, (lent 
I 5380 7820 145 
. SS60 9040 108 
5386 7TR20) 145 
10670 9040 
) 1570 6200 136 
9580 9450 97 
; 6200 6600 106 
5 5110 5790 11S 
6060 6060 100 
10 9310 7550 SI 
1] 82380 9450 115 
12 S640 10530 122 
13 Y850 11480 117 
14 9850 11480 117 
15 9180 10530 115 
frerage 115 
B. Parients with Broncntat Astuma, PuLMONARY 
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Bronchiectasis 7820 9450 121 
+. Pulmonary emphysema and 
Bronchial asthma 3000 6200 207 
». Pulmonary emphysema 5790 8230 142 
6. Pulmonary emphysema 3000 10400 347 
7. Chronic spinal polio 3000 10960 366 
8. Pulmonary emphysema 5790 7420 128 
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12. Bronchial asthma 4980 5790 116 
13. Pulmonary emphysema 3000 6800 227 
14. Pulmonary emphysema 3000 6870 229 
15. Bronchial asthma 5930 8230 138 
16. Bronchial asthma $570 5790 127 
17 Bronchiectasis $430 6200 140 
18. Pulmonary emphysema 3620 5790 160 
19. Bronchial asthma 3000 5520 184 
20. Bronchial asthma 3620 4300 119 


1 re rage 


MECHANICAL PRODUCTION OF EXPIRATORY FLOW RATES 24h 


(he maximal expiratory flow rate of — tor responsible for the difficulty of 
ne normal subject during a most vig- eliminating secretions by a cough in pa- 
rous cough, 9800 cc. per second and — tients with chronic pulmonary disease 
uring E.W.N.P. 10,800 ce. per second, — is a decreased tidal volume; in a bron- 


illustrated in’ Fig. 3.° A graphic chospirometric study of the quantity of 


record of a cough of maximal effort ina — air expe Hed by each lung by a volun- 


atient with pulmonary emphyse ma is tary cough Vaccarezza and his col- 
eure in Fig. 4, in which it is seen leagues showed that the affected lung 
that the maximal expiratory flow rate of patients with chronic pulmonary tu- 

is 3000 cc./sec. (or less), as compar- — berculosis expelled one-fourth as much 
ed to a flow rate of S910 cc./sec. with air as the normal lung'™ 


Expiratory flow rates of a 
maximal normal cough and EWNP 


> MAXIMAL COUGH EWNP 
104 
| 
= 

98 lit. /sec. lit. /see. 


PEAK EXPIRATORY VELOCITY 


The pneumotachograph record indicates an expiratory volume flow rate of 9.8 liters 

ond during a cough of maximal effort in a he althy individual. The expiratory volume 

rate mechanically produced by E.W.N.P. was similar in general contour but. significantly 
higher, namely, 10.8 liters per second 


Kk. \W. N. P. A similar record in a pa- Inflation of the chest is accomplished 
tient with poliomyelitis is shown in by a_ gradual increase in pressure 
Fig. 5, in which a cough of maximal — to prevent the occurrence of high 
effort revealed a flow rate of 3000 cc. velocities which would tend _ to 
sec. (or less), whereas expiration with blow secretions into the lungs. At the 


E. \V. N. P. manifested a flow rate of — peak inspiratory pressure, the bronchi 
l0.960 ce./see. In patients with pul- are markedly dilated, which facilitates 
monary emphysema and severe bron- the passage of air beyond occluding 
ch asthma collapse of the bronchi — plugs into the alveoli and thereby en- 
ma\ take place during the cough as re-  hances the physiological effect of the 
sult of a relative increase in intra- subsequent mechanically induced high 
ve Another fac- volume flow rate in expiration. Since 


record was obtained by Dr. James L. Whittenberger and Dr. Jere Mead with the 
t monel screen and their pneumo-tachograph. The authors wish to express their appre- 
for this as well as many other similar records which were made during a visit of one 
G.B.) to their laboratory. 
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PULMONARY EMPHYSEMA 


ce/sec ce/sec 
9850°- 9850°- 
8230/ 82301 
6600/ 
4980} eseol 


0.2seC 
Natural 
E.W.N.P 
Cough 
Max. Exp. 
ExP. 3000 8910 
Fiow Rate 
(cc/sec) 
ULMONARY EMPHYSEMA. ‘The expiratory volume How-rate reached 
when expiration was a omplished with E.W.N.P. In contrast 
flow-rate was 3000 cc. / sec or less during a1 <imal cou 


POLIOMYELITIS 


cce/sec cC/Ssec. 

11,480r 11,480r 

9450+ 9450F | 

7420F 

5380F S38OF IN 
O} or 

0.2seC 0.2seC 


Natural 
Cough 


E.W.N.P 


Mox.Exp. 
Fiow Rate 
(cc/sec) 


3000 10,960 


POLIOMYELITIS. The maximal expiratory flow-rate when expiration was accompli 


was 10,960 cc./sec., whereas the maximal natural cough of this patient 


accompanied by a How rate of 3000 cc./se¢ or less). 
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MECHANICAL PRODUCTION 
the volume flow rates may be altered by 
physical means to equal or surpass the 
air velocities of human coughing, the 
blast, that is, high 
and velocity, may be used 
to facilitate the re- 
moval of mucoid and purulent sputum 
from the 


utilization of air 
pressure 
on a wide range 
lungs. 
The effectiveness of expiratory flow 
this magnitude on 
removal of foreign bodies from the lungs 
of anesthetized dogs was revealed by 
Bickerman’. Metal 
lead balls, screws, 
ind safety-pins, inserted by a broncho- 
into the bronchi were 
eliminated by 6 to 12 exsufflations with 
negative The lead balls used 
weighed 0.6 gm. and 
in diameter. The lung in- 
lating pressure employed was 30 mm. 
He and the 40 mm. 
Heo 
The nature of the clinical results 
ichieved by the physical methods pre- 
viously employed has recently been re- 
ported®. The technique presented in 
this paper, E. W. N. P., appears to 


have a superior effectiveness over ex- 


rates of order of 


an investigation by 
objects, including 


‘ope lowe ‘T 
pressure, 
in this study 
were 4.5 mm. 


negative pressure 


sufflation without negative pressure. The 
linical results of the use of this pro- 
edure will be briefly summarized. 
limination of bronchial secretions was 
d by 


clearing of pulmonary 

clectasis in 8 patients who manifested 
this condition as a complication of either 
poliomyelitis (5 cases), spinal or chest 
and bronchial 
. Of a combined group 
of 40 patients with pulmonary em- 
pliysema and chronic bronchitis, bron- 
chial asthma and_ bronchiectasis, 30 
manifested clinical improvement of 
vorying degree as result of mechanical 
el:mination of bronchial secretions. No 
sivnificant benefit was observed in one 


9 \ 
urles yA Cases }, 


thma (1 case 


The negative attained may be 


ik inspiratory pressure of 40 mm. 


pressure 


varied in degree 
Hg falls to minus 40 mm. 
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patient with poliomyelitis, 4 patients 
with pulmonary emphyse ma or pul- 
monary fibrosis, and 5 patients with 
bronchial asthma. The clinical effects 
and methods of treatment will be re- 
ported in full later, but it may be 
pointed out that the value of elimi- 
nation of retained secretions from the 
lungs depends upon a variety of fac- 
tors, including particularly the extent 
to which mucoid and mucopurulent 
sputum within the bronchial tree is a 
handicap to respiratory function. 

Summary. The mechanical produc- 
tion of expiratory flow rates surpassing 
those recorded in maximal human 
coughing has been achieved by ex- 
sufflation with negative pressure; this 
procedure consists of inflation of the 
lungs by a gradual increase of pres- 
sure from a positive pressure blower; 
at the peak inspiratory pressure of 20 
to 40 mm. Hg, the operation of a valve 
connects the upper respiratory passage- 
way (by mask or mouthpiece) to the 
negative side of a vacuum blower, by 
which the peak pressure drops below 
that of the atmosphere in 0.02 second. 
Expiratory volume flow rates of 10,000 
cc. per se ‘cond have been produced by 
E..W.N.P. in normal individuals and pa 
tients with respiratory difficulties. The 
average expiratory flow rate initiated 
by the portable apparatus employed 
was 15% higher than that produced by 
a cough of maximal effort in 15 normal 
individuals, and approximately double 
that of 20 patients with bronchial 
asthma, pulmonary emphysema, bron- 
chiectasis or poliomyelitis. In the latter 
clinical entities, the use of E.W.N.P. 
was generally of therapeutic value in 
cases which retention of bronchial 
secretions was the cause of pulmonary 
atelectasis or impairment of respiratory 
function. 


and duration; in some apparatus 
Hg in 0.02 second. 
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lr is now well established that 
sufficient restriction of dietary sodium 
will lower the blood pressure in a sig- 
nificant number of patients with arter- 
ial hypertension'** and that this effect 
may be abetted by the use of cation 
exchange resins in conjunction with 
low sodium 

(he purpose of the present study 
was to determine whether or not diet- 
irv sodium restriction combined with 
some of the newer hypotensive drugs 
would prove to be of more value in the 
treatment of arterial hypertension than 
either regimen used alone. 1-Hydrazin- 
phthalazine (Apresoline) and N- 
phenoxy -isopropyl-N-Benzyl-B-Chlor- 
ethvlamine (Dibenzyline, SKF 688A ), 
n adrenergic blocking agent, were the 
lruvs chosen for the investigation. ~ 

Apresoline Study. Fifteen ambula- 
tory outpatients were used in_ this 
phase of the study and had, for the 
most part, been treated with low so- 
liun diets and cation exchange resins 
ind, with 2 exceptions, had obtained 
nly . modest drop in blood pressure. 
(he, ranged in age from 36 to 59 years, 
iver sing 47 years and from Grades I 


to Il! of the Keith, Wagener and Bark- 


10 


er classification’? and from Grades | 
to III in the Smithwick classification'*. 
Before combined therapy, all had a 
diastolic blood pressure persistently 
at or above 100 mm. of mercury; none 
had azotemia; all had at least moder- 
ately good renal function as indicated 
by the common clinical tests: these 
being the criteria for their inclusion in 
the original low sodium-resin therapy 
group’. Blood pressures were recorded 
in the sitting, and, after 2 minutes in 
the standing position, at the start of 
each interview, and again after 10 or 
15 minutes of relaxation and casual 
conversation with the physician. The 
lowest blood pressure of 5 determin- 
ations was recorded. Baseline and 
follow-up studies included electrocar- 
diogram, funduscopic examination by 
one ophthalmologist, teleroentgeno- 
gram, ballistocardiogram, urinalysis, 
phenolsulfonphthalein excretion _ test, 
dilution-concentration test, blood urea 
nitrogen determination, complete blood 
count, 24-hour urine sodium determin- 
ation frequently and, in some cases, 
urea clearance tests, intravenous uro- 
grams, urine cultures, sodium amytal 
and cold pressor tests and tests to rule 
( 249 ) 
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out pheochromocytoma. Each patient 


had a complete history recorded and 
physical examination performed. 

The diets prescribed contained 1 gm. 
of sodium used in conjunction with 45 
om. daily of the cation exchange resin 
Kesodec or 48 gm. daily ot Carbo-Resin 
taken after meals, the goal being to 
reduce the sodium level in the urine 
to less than 0.5 gm. per 24 hours, as 
previously reported®:*, These were sup 
plemented by potassium citrate 1 gm. 
ind calcium lactate 0.6 gm. in cherry 
syrup daily taken a few hours from 
the time of resin administration. The 
drugs were given before 
combined 


le ‘presse 


meals The duration — of 


PABLE 2 
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5. 7, 9, 11). Five went through two- 
thirds of the evcle. Three were unable 
to tolerate \presoline and are excluded 
from the analysis. 

Seven patients had at least a 10 
mm. of mercury decrement of mean 
diastolic blood pressure below that 
reached with low-sodium-resin therapy 
alone and also at least a 15 mm. of 
mercury drop in diastolic pressure be- 
low the control level after Apresoline 
was added to their low sodium-resin 
program. Five had 20 or more points 
of diastolic pressure lowering on the 
combined program while only 2 at- 
tained this level without Apresoline. 
Two patients attained a systolic pres- 


RESULTS WITH APRESOLINE AND LOW SODIUM DIETS 


IN CONJUNCTION WITH CATION EXCHANGE RESIN 


12 Cases 


Diastolic Drop 


of 70 or 


Sodium Restriction with 


Resin 2 
Sodium Restriction with 
Resin plus Apresoline 5 
(presoline only 
7 Cases ] 
therapy was 2 to 10 months, of low 


sodium-resin therapy 4 to 12 months, of 
‘epressor drug therapy alone 1 to 3 
months, of initial control periods at 
least 3 months with some records ex- 
tending back for several years, and of 
resin placebo periods 1 to 3 months. 
In all but one patient (Case 12), low 
sodium-resin therapy was given in- 
tially, after which Apresoline was ad- 
ministered. In some cases a second 
course of combined therapy was insti- 
tuted if it appeared to have been of 
re:! value previously. Apresoline doses 
were begun at 75 mg. daily and grad- 
ually increased to the point of effec- 
tiveness or intolerance. 

SULTS (TABLES | AND 2). Seven pa- 
tic: ts were carried through the com- 
ple'e eycle of therapies (Cases 1, 2, 3, 


Diastolic Drop 


of 20 or more Systolu Drop 

more and to 100 or less of 25 or more 
] 
‘ 


sure lowering of 25 mm. or more while 
receiving low sodium-resin alone, one 
while receiving Apresoline alone and 7 
while receiving combined therapy. 
Also all these added benefits from com- 
bined therapy were lost when the 
resin was stopped or salt added to the 
diet except for Case 11 who maintained 
her diastolic lowering. In the 7 who 
had substantial diastolic pressure decre- 
ments following the addition of Apreso- 
line to their low sodium programs, the 
daily doses of Apresoline ranged from 
100 to 400 mg., averaging 214 mg., a 
level lower than that reported to be 
usual when  Apresoline is used 
alone!.15, 

The other 5 cases (8 through 12) did 
not show greater lessening of diastolic 
pressure after the addition of Apreso- 
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NCAN, 


their low-sodium 
despite the fact that higher daily doses 
LOO to 500 mg.: 360 ) 


used 


line to programs, 


range average 
were 

There were no appreciable postural 
blood pressure effects noted after the 
addition of Apresoline 


Case. (Fig. | oo 
Negro 
hypertension for several ve irs, 
] September L951, 
failure, | 


Illustrative 


vear-old female housewife had had 


and Was 
with con 


Ospitahzed 


estive heart manifested by dyspnea 


on mild exertion orthopnea, cough palpita 
tions inkle edema and lack of vigor. Shi 
was treated with digit ilis, low-salt diet and 
bed rest. Studies revealed a 50 enlargement 
of tl transverse irdiac diameter after digi 
li irine containing a trace of Ubumin 
nad I dilution-concentration range of 
1.005 ¢ 1.015, Grade Il hype rtensive ind 
lerotl hanges in the ocular fundi, a blood 
ine nitrogen level of 15 mg. per LOO) cx 


{ 
sulphonphthalein test showing 2 


excretion in 20 minutes and 63% excretion in 
2 bnormal ST-1 changes in the ele 
t irdiogram and an abnormal ballistocardio 
discharge in October 1951 cat 
hange resin was added to her thera 
peutl regimen, her dietary prescription il 
lowed 1] m. of sodium per dav. and potas 
slu itrate l gm., ind calcium lactate. 0.6 
gm., were given daily. During the ensuing 5 


blood 


staved out of Congestive 


ionths thers was little change in her 
pressure but she 
failure the transverse cardiac diameter cde 
creased to 209 enlarge ment, the ballistocardio 

improved and the other 
studies before In April 
1952, Apresoline was added to her program, 
reaching a daily dose of 400 mg 
gradually fell to 


months later the 


raphi pattern 
were essentially as 
eventually 
The blood 


eveis and 


pressure normal 


heart size was 


found to be 179 enlarged, the electrocardio 
graphic pattern was improved, the ballisto 
irdio raphic pattern was very much im 
proved, the urine was free of albumin. ther 


- is 40% PSP excretion in 20 
70 in 2 hrs the 
still normal and the 
It changes 

At this 
was dis 


minutes and 
blood urea nitrogen 


fundi still showed Grade 


Was 


point the cation 
ontinued and _ the 


ried on 400 mg 


exchange resin 


patient was Car 
Apre soline daily and_ the 
ie diet as before. This was accompanied 
in increase in the blood pressure and an 
1 sodium. Head- 


creased excretion of 
iche soon returned and the patient gained 7 


urine 


lbs. and became dyspneic. Upon resumption 
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both 


again droppe ( 


of combined therapy with resin an 
Apre soline the blood pressure 
where it 


to innocent levels remains, an 


the symptoms again disappeared 


It is clear that in this case neither 
sodium restriction nor Apresoline alon 
can control the patient's blood pressur 
but that both together do it well. 

SIDE REACTIONS AND COMPLICATIONS 
The previously reported side reaction 
to Apresoline! were noted in some of 
these patients consisting of tachycardia 
pounding of the heart, aching in th: 
muscles, a tired pepless, drowsy teeling 
dizziness, a sensation of tightness about 
the head 


developed a maculopapular skin ras 


and headache. One patient 
within one week of starting Apresoling 
He also developed practically all 

the above complaints and the dr 
These 


were severe enough to necessitate c 


had to be stopped svmpton 
sation of therapy in 3 of the 15 p 
omitted 


The OcCUTTenCe ot Sit 


tients and they are from tl 


series analysis 


reactions was fairly common. in. 


remainder of the group, but wer 


fairly well controlled by Dramamin 


and passed off in 2 to 4 weeks. None 
the patients had initially. o1 develop 


later, anv signs of coronary, renal 
cerebrovascular insufficieney and ne 
died 

LABORATORY STUDIES. The baseli 


studies have been at least partialls 
peated so far in 8 of the cases foll 
ing 4 to 
therapy program and the results 

depicted in Table 3. The heart size 
mains unchanged in § patients; in 7 | 


10 months on the combi 


electrocardiogram is unchanged, it 
it improved, and it is worse in m 
the fundi are the same in 5, better 
2, and worse in 1 (more spasm of t!v 
arterioles ); the phenolsulfonphtha 
1. better 


urinalysis is 


excretion is the same in 
the 
same in 6, better in 1 and worse i 


and worse in lI: 


the blood urea nitrogen remains not 
in all 8; and the ballistocardiogran is 


| 
= 
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etter in 2 and worse in 1 patient. patients with essential hypertension 
slood counts have not changed sig- who may achieve a lowering of blood 


ficantly pressure by medical means, where 


COMMENT. It would appear that the — either type of therapy used alone does 
ombination of low sodium and Apreso- not accomplish this. It seems logical 
ne therapy increases the number of — that this effect should occur since one 


RESIN AND wo Resin 

AP 
CONTROL 3™ RESIN 5 mos APRESOLINE 3%™MO0S.; 2 Mos 2%, os. 


2.00 200 
240 124 115 


250 


148 | 198 PTLD 

91 56 

SMITHWICK GR 
RESODEC 45 Gm. q.d 
APRESOLINE 400 mg qd 
DIET : | Gm. Na 


| | 


Fig. 1.—Blood pressure record of patient L.D. during control and indicated treatment 
periods, respectively, 


LE 3. CHANGES FOLLOWING COMBINED THERAPY OF ESSENTIAL HYPERTEN- 
SION WITH LOW SODIUM-CATION EXCHANGE RESIN AND APRESOLINE 


Arter 2} To 10 Montus or TREATMENT) * 


Heart 

Size EKG BRKG Fundi PSP Urine BUN 
Improved 0 1 2 2 8 | 0 
same 7 0 5 6 s 
Worse 0 0 1 1 l l 0 


* Responses do not correlate well with blood pressure responses. 
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is attacking the hypertension with 2 
means each of which has a different 


mechanism of action, it being thought 
that hypertension may be maintained 
by more than mechanism!*, Al- 
though the exact role of sodium in 


one 


hypertension is not known there is 
some evidence that its depletion con- 
tributes to a decrease in peripheral vas- 
16 while the action of 
\presoline seems to be as a neutra 


cular resistance® 


lizer of a pressor substance elaborated 
by the midbrain and perhaps of other 
humoral agents! 

Lower doses of Apresoline are re 
quired when used in conjunction with 
sodium restriction, an obvious advan 
tage trom the standpoint of reducing 


the incidence of side reactions and les 
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age from 38 to 60 vears, the average 
the Keith 


classification! 


vears. In 
Barker 
they ranged from Grades | to II, and 
in the Smithwick classification'* from 
Grades I to IV, most of them falling 
into Grades II or Il. Control periods 
were at least 3 months in duration, an 
many of the patients had been fol 
Most had re 
ceived a placebo resin. All had pre 
viously been treated with sodium re 


being 51] 


we 
age 


Wagener and 


lowed for several vears. 


striction and cation exchange resin for 
{ to 12 months 
benefit 
Dibenzvline in 


with moderate to n 


before receiving Dibenzylin 
the form of 10 m: 
gelatin capsules was then added t 
the low sodium-resin regimen and this 


combined therapy was used for 2 t 


rABLE 5. RESULTS WITH DIBENZYLINE ALON} 
10 
* Diastolic blood pressure drop of 20 or more 2 (20 
* Diastolic blood pressure drop of 20 or more and to 100 or less 1 (10! 
. Svstoli blood pressure drop of 25 or more ) 0 
Prevention of Diastolic Increase in Standing Position , of 8 


Sitting position 


sening expense to the patient. At 
present we do not feel that the sodium 
restriction can be any less rigid during 
combined therapy than when used 
alone 

Dibenzyline Study. Dibenzyline, 

SKF 688A) is an adrenergic blocking 
agent affecting sympathetic stimuli pe- 
ripherally at the nerve endings. It is 
related chemically to Dibenamine, but 
is active when given orally. Various 
reports so far have attributed to it very 
the 
hyperten- 


limited to moderate usefulness in 


management essential 


sion-” 
This phase of the investigation 
utilized 34 ambulatory outpatients 


studied in the 


scribed tor the Apresoline group. Of 


same manner as de 


these 21 were followed long enough for 
inclusion in the series. They ranged in 


After this 


the resin was stopped and Dibenzylin: 


months in many instance 
used alone. The latter procedure Ww 


not carried out invariably since, 
some, there was obviously no ext 
benefit from the addition of Diben: 
line and therefore no point in 
further with the study. and some of t 
other patients were lost to the follow-up 
before completing the full cycle of 
study. 
RESULTS. Of the 
given Dibenzyline (38%) could 1 
or would not, take it long enough 
permit evaluation of its hypotens 
effect. Only 21 patients, therefore, 
available for analysis. (Table 4. 
EFFECT OF 
THE BLOOD PRESSURI 
Ten 


34 patients who wi 
13 


DIBENZYLINE ALONE UPN 


(Tables 4 and 
Dibenz\ 
alone. Two of these had a mean d 


yatients received 
| 
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tolic blood pressure drop of 20 mm. or 
more. One had both a mean diastolic 
drop of 20 mm. or more, and in addi- 
tion, a drop to a level of 100 mm. or 
below. Five had a mean systolic pres- 
sure drop of 25 mm. or more, During 
the control period, 5 of the 10 showed 
a diastolic blood pressure rise of 5 
mm. of mercury or more within 2 min- 
utes after assuming the erect position. 
Dibenzyline prevented this occurrence 
or caused a fall in diastolic pressure 
in 3 of the S. Sodium restriction had 
no appreciable effect upon this postural 
change. 

Of the 10 patients v ho had a period 
{ treatment on Dibenzvline alone, $ 
had greatel blood pressure reduction 
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at 30 mg. daily and the maximum de- 
termined by blood pressure response 
or side reactions. The incidence and 
severity of the latter, to be discussed 
subsequently, were equally — great 
whether Dibenzyline was used alone 
or in conjunction with sodium restric- 
tion. 

EFFECT OF DIBENZYLINE COMBINED 
WITH LOW SODIUM-CATION EXCHANGE 
RESIN (Table 6). Of the 21 patients 
receiving combined therapy, 7 had 
previously achieved a drop in diastolic 
blood pressure of 20 mm. of mercury 
or more, but of this number only 2 
had achieved also a drop in diastolic 
blood pressure level to 100 mm. or 
below with sodium restriction and ex- 


PABLE 6. RESULTS WIPFH DIBENZYLINE AND LOW SODIUM DIETS 
IN CONJUNCTION WITH CATION EXCHANGE RESINS 


21 


* Diastolic Drop 


* Diastolic Drop of 20 or more *Systolu Drop 


of 20 or more and to 100 or less of 25 or more 
Sodium Restriction with 
Resin 7 2 12 
Sodium Restriction plus 
Dibenzyline with Resin 12 7 15 


* Sitting position 


th the combination of .sodium_ re- 
iction and Dibenzvline; one had ap- 
Ximately the same blood pressure 
el with both programs (Case 9, 
Fable 4); and another had a lower 
el of blood pressure with Dibenzy- 
alone than with combined therapy 
ise 12, Table 4). It should be noted 
) that 9 of these 10 patients had 
about as good or better diastolic blood 
pressure drop from sodium restriction 
one as from Dibenzvline alone, and 
with fewer side reactions (Cases 2. 3. 
4 ‘1, 12, 15, 17, 18, 19, Table 4). 
he daily dose levels of Dibenzyvline 
ranged from 30 to 300 mg., averaging 


ng., and were the same when used 
al or in combination with sodium 
res'riction. Dosage levels were started 


change resins. The addition of Diben 
zVline to this group increased the num- 
ber achieving a drop in diastolic pres- 
sure of 20 mm. or more to 12 and the 
number achieving also a drop in diastol- 
ic pressure level to 100 mm. or below 
to 7. Five patients achieved at least a 
10 mm. decrement in mean diastolic 
pressure level below that reached with 
low sodium-resin therapy by the addi- 
tion of Dibenzyline. 

With sodium restriction alone, 12 
attained a systolic drop of 25 mm. or 
more. The addition of Dibenzyline in- 
creased this number to 15. 

During the control period, 17 of the 
21 patients, showed an increase in 
diastolic blood pressure of 5 mm. or 
more upon assuming the erect position. 
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During the period of sodium restric- 
tion and Dibenzyline therapy 13 show 
ed this response. Table 7 
the 


restriction by 


shows a com 
attained with 
resin therapy 
Dibenzyline alone, 


parison of results 
sodium 
and by 
both combined, in the 10 cases that 
were carried through the complete 


cycle of study. It is apparent that both 


alone, by 


sodium restriction alone or combined 
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enings were in the urinalysis (appeat 
the phenolsulph 
onphthalein excretion and the ballisto 


ance of proteinu ia 


cardiogram. In the previously reported 
sodium-resin series, the urinalysis 
affected and the 
PSP excretion and ballistocardiographi: 


tre 


low 


was not adversely 


pattern improved with greater 


quency” 
SIDE EFFECTS AND COMPLICATIONS Ol 


with Dibenzyline gives somewhat DIBENZYLINE THERAPY. The gains mac 
better results than does Dibenzyline in controlling the blood pressure by 
alone i\dding Dibenzyline to sodium restric 
rABLI COMPARISON OF RESULTS WITH SODIUM RESTRICTION, DIBENZYLINI 
AND COMBINED SODIUM RESTRICTION-DIBENZYLINE THERAPIES 
Cases No. 2, 3, 4, 9, 11, 12, 15, 17, 18, 19 or TABLE 3 
*Diasto 
0 / e Dre 
Pressure Dro} 0 or mo / eD 
Sodium Restriction t 2 
Sodium Restriction and 
Dibenzyline 6 ) 
Dibenzyline Only 2 l ) 
* Sitting position 
rABLE 8.—CHANGES OCCURRING AFTER 38 TO 5 MONTHS OF LOW SODIUM 
EXCHANGE RESIN THERAPY COMBINED WITH DIBENZYLINE THERAPY 
EKG Fund PSP Urine BUN BKG 
Better 2 l 0 0 | 
same 7 10 2 6 l2 
Totals 10) 1] 9 8 1] 12 t 


LABORATORY STUDIES. Baseline studies 
have been repeated in some of the 
group after 3 to 5 months of combined 
therapy and are depicted in Table 8. 
The degree of change attributable to 
each component of therapy cannot be 

accurately, but 
with low sodium-cation 
change therapy in hypertension showed 
a better record of improvements (or 
at least lack of worsening ) in the var- 
studied than 


assessed previous 


studies ex- 


ious areas was found 


with the Dibenzyline treated patients 
in this series®. The most notable wors- 


tion, or by using it alone were m 
without significant cost to the patient 
Side effects appeared in practically 

xatients and consisted of miosis wit 


blurring of vision, dry mouth, nas 
congestion, dizziness upon assumil 
the upright posture, drowsiness, achii 
in the muscles of the chest and nec 
dyspnea on mild exertion, headac!l 
tachycardia, “pounding of the hear 
and a general vague feeling of bei 


unwell. Most of 
result of the general adrenergic blo: 


these are really ti 


ing action of the drug and not strict!\ 


GILL, DUNCAN, REINHARDT: 


side eflects, although the drowsiness, 
muscle aching and headache could be 
classed as such and have been noted 
Ly other authors**''. These reactions 
caused the physician or the patient 
to discontinue therapy in 13° cases 
38% of the original 34 patients), and 
caused frequent complaints from the 
remainder of the group. Most of the 
»etients found the low sodium diet and 
cation exchange resins much preferable 
to the Dibenzyline. The side effects 
‘so prevented successful use of placebo 
ivedication because the patients quickly 
lecame aware of the change. One 
patient told of developing a hemiplegia 
during Dibenzyline therapy trom which 
recov _ry was comple te in 2 weeks al- 
though she continued to take the — 
Definite anzina pectoris was noted i 
2 patients, and 2 others died at sion 
while receiving the drug, the symptoms 
suggesting myocardial infarction. Two 
hospital patients with malignant hyper- 
tension, (not included in this series ) 
were given up to 500 mg. of Dibenzy- 
line daily for several weeks with no 
effect whatsoever upon their blood 
pressure or upon the malignant course. 
Both died within 6 weeks of admission. 
The undesirable concomitant signs 
nd symptoms of Dibenzyline therapy 
vere equally annoying whether it was 
being administered alone or with so- 
ium restriction. Blood counts before 
nd after Dibenzyliine therapy showed 
significant changes. 
COMMENT. Dibenzvline appears to be 
little value as a hypotensive agent 
hen used alone, and, though some- 
hat effective when used with sodium 
striction, the cost in side effects is 
‘at. Also there is a tendency for the 
od pressure to fluctuate over a fairly 
le range so that, while mean blood 
p essure changes may appear favorable, 
hronological graph of the blood pres- 
sire is less impressive. Another dis- 
tirbing effect is the tendency of the 
bood pressure to escape from control 


} 
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after 2 to 3 months of therapy even 
when the initial response has been 
good. Irreversible escape occurred in 
5 patients and several others needed 
increased doses of the drug to re- 
main in control. The conversion of a 
fairly steady blood pressure range into 
a widely fluctuating one, and the 
escape phenomenon have not been 
noted in 2 vears experience with so- 
dium restriction aided by the exchange 
resins. 

These undesirable effects mitigate 
against widespread practical use of 
Dibenzyline in the therapy of hyper- 
tension, but, used in small doses and 
combined with other hypotensive 
drugs, it may find a useful niche. 

A further practical consideration 
relative to the use of these drugs com- 
bined with sodium restriction is the 
need for extra vigilance in keeping 
patients faithfully on their low sodium 
diet since there seems to be a tendency, 
conscious or unconscious, toward less 
strict adherence when other medica- 
tions are added. 

Summary and Conclusions. (1) 
\presoline combined w ith restriction of 
dietary sodium in conjunction with 
cation exchange resins is of value in 
obtaining significant reduction of 
blood pressure and improvement in the 
cardiovascular and renal function in 
some patients with arterial hyperten- 
sion where each of these agents used 
alone is of little or no value. 

2) Smaller doses of Apresoline may 
be used in this combined therapeutic 
program than are needed when the 
drug is administered alone. 

(3) Dibenzyline, administered alone 
orally, is not a satisfactory agent for 
the treatment of arterial hypertension. 

(4) In some patients Dibenzyline ad- 
ministered in conjunction with low- 
sodium-cation exchange resin therapy 
will cause an additional fall in blood 
pressure below that attained with 


260 GILL, DUNCAN, REINHARDT: ARTERIAL HYPERTENSION 


either type of therapy alone, but this by the frequency of escape of the 
cain is largely offset by the high inci hypertension from the effect of the 


dence of undesirable reactions, and drug 
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ALTHOUGH various fractions of hu- 
in plasma have been shown to pro- 
homologous 


Cohn’s Fraction IV 
riminated. The present report records 


Te serum hepatitis, 


has never been in- 


+ Cases apparently caused by this par- 
ular fraction which was prepared 
m pooled postpartum plasma. 
Beneficial effects from the adminis 

tration 


yf pooled postpartum plasma 
the treatment of rheumatoid arthritis 
In 


investigations plasma was collected 


have been reported by Granirer®*. 
is to 72 hours after delivery and pool- 
ed so that each lot represented plasma 
trom 10 different women. By means of 
this material, he was able to induce sus- 
tained remissions in adults with rheu- 
mautoid to 14 


months following the cessation of ther- 


arthritis for 3 weeks 
ipy. Remission was characterized by an 

lioration of joint symptoms, an im- 
proved sense of well being, a brighter 

ital outlook, increased appetite, gain 
in veight, improvement of anemia, and 
restoration of the albumin-globulin 
rat'o to normal. No toxic effects were 


Nick d by 


Present address 


reported in 520 transfusions of post 
partum plasma. Aronson' has reported 
similar findings in the treatment. of 
rheumatoid arthritis using retroplacen- 
tal plasma collected at the time of de- 
livery. 

The occurrence of homologous serum 
hepatitis following the use of whole 
blood'*, pooled plasma*, and irradiated 
plasma*'**! has been reported pre 
viously. In recent months investiga 
tions into the incidence of homologous 
serum hepatitis following administra- 
tion of various fractions of human 
plasma have been published. Paine and 
Janeway”’ followed up 237 patients 
who received liuman albumin which 
had not been treated by irradiation and 
had been stored as dried plasma for a 
considerable time. After excluding 
those who died within 5 months after 
the infusion and those who had cirrho- 
sis of the liver or other liver disease, 
there remained 33 who received albu- 
min only and 93 who received blood or 
plasma in addition to albumin. No 
cases of serum hepatitis occurred in 
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the former Since the albumin 
was prepared in lots of approximately 
500 units ot 
of donors represented in each unit is at 
least 2000 

is about 0.2 


group. 
25 gm. each, the number 


If the incidence of carriers 
it mav be calculated that 
single lot of albumin probably con 

tains material from at least one infec 

tious donor. The findings suggest that 
the use of 


carry. the 


human albumin does not 


risk of 


hepatitis that exists with the 


homologous serum 
use of 
pooled plasma or even whole blood. 


Cockburn*, in 
break of homologous serum hepatitis in 


investigating an out 


children) given pooled plasma for 
prevention 


that 7 of 


10 children who received a particular 


found 


measles 


developed However, 


pool hepatitis 

only 1 of 58 children given gamma 
globulin prepared from this same 
plasma _ pool developed the. disease 
He concludes that although gamma 
slobulin may not be wholly free 


from the danger’ of transmitting 


homologous serum hepatitis, the 
risk is exceedingly small. These 
findings are in agreement with those 
of Janeway Ordman'®, and Green 


stein’ who followed up patients given 


gamma globulin and found an ex 
tremely low incidence of hepatitis. 
On the other hand. 


reported a 10% incidence of hepatitis 


Janewav!® has 
those receiving Cohn’s Fraction 
distributed in the dry 
state and which cannot be treated after 


denaturation. Lesses!* has reported 99 


I, which was 


cases of homologous serum hepatitis 
following the use of human thrombin. 
which is derived from pooled plasma 
and directly prepared Cohn’s 
Fraction IIT-2. 

During 1951, Cohn’s Fraction IV pre- 
pared from pooled postpartum plasma 
was administered to a total of 16 chil- 
dren at the Childen’s Medical Center, 

Seven of the children had leu- 
had rheumatoid arthritis, 1 
had nephrosis, and 1 had a Wilm’s 


trom 


Boston 


kemia 7 
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tumor. Seven of the children with ma 
died atte: 
transfusion for hepatitis to develo) 
One child with leukemia died 3 month 
after transfusion and was developin 
of death. Since hi 
was known to have a terminal sepsis 


lignant disease too soon 


icterus at the time 


it was felt that his jaundice might b 
due to bacterial intection 

Of the survivine 8 children, 4 have 
shown no signs of hepatitis and 4 hav 
developed the disease 


Reports. Case IT. No. 373990. M.k 


i! old white vale 


the Children’s Medical Center in Tune, 195 


was first 


because of rhe vat 1 arthritis. On Aug 
1951. she received 200° « of postparti 
plasma daily tor 5 lavs Alth nigh she re 


t 


somewhat improved symptomatic illy, her j 


svmptoms persisted. On Aug. 13 ind for 
successive days. she was given 50 cc. of re 
ular plasma. and on Aug. 21, was given 30 
c. of whole blood. Because of her failur 
to improve, she was given 200 cc. of post 


ously dailv for 4 d 


partum plasma intra 


starting on Aug. 22 This again produc: 
no improvement. On Aug. 20, cortisone w 
begun and two small transfusions of hun 
Whumin were administered on Sept. 2 
Sept 

Her general condition remained unchat 
until Dec. 17 when she was noted to | 
scleral icterus. Liver function tests wer 
follows Thvmol turbidity 14.0, thyvmol fl 


ph ilin-« hole ster flo. ( 
bilirubin 4.4 mg 


ulation 3 to 4+, 


tion 4-4 one-minute 


total serum bilirubin 8.7 mg. On Jan. 4, 1952 
she was readmitted to the hospital be: 
ot m irked icterus of the sclerae and skir 
She was also noted to have loose stools 
dark urine. Physical examination showed 


live r to he 1] cm he low the right costal 1 


gin and diffusely tender. Her urine reve 


4+. bile, and urobilinogen was present in 1 
dilution. The total protein was 7.48 gm. At 
that time, her thymol turbidity was 


thymol flocculation 2 to 3+, cephalin-cl 


terol flocculation 3 to 4+, one-minute 
rubin 7.9 mg., and total serum bilirubin 15.0 
mg. There was no improvement of her joint 
svmptoms during this period of intense n 
dice 

She was treated with bed rest, a 


protein, high vitamin diet, and obs 


closely. Her liver function tests remaine 
they beg t 


1952. she iS 


when 


March, 


changed until Feb 
return to normal. By 
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‘ree of jaundice and felt much improved 
though her joint symptoms remained un- 
hanged. Liver function tests on July 7, 
952 were entirely normal. : 
CasE 2. No. 374306. R.M., a 9-year-old 
white male, was first seen at the Children’s 
Medical Center in June, 1951, because of 
heumatoid arthritis. On Aug. 29, he was 
iven 200 cc. of postpartum plasma intra- 
enously. Following .this, the patient had a 
evere febrile reaction. His temperature rose 
105° F. and was controlled with aspirin. 
On Sept. 8, using a different lot of material, 
was given a total of 4 transfusions of 200 
of postpartum plasma intravenously on 
iccessive days. He showed no improvement 
lowing this treatment. He received no reg- 
ilar plasma or whole blood prior to or sub- 
equent to this therapy. 


He was followed closely, and routine liver 
tunction tests performed on Oct. 24, 1951, 
ere found to be within normal limits. On 
‘ov. 4, the patient developed symptoms of 
iorexia, nausea, and vomiting, ‘and shortly 
fterwards became markedly jaundiced and 
tarted passing dark urine and clay colored 
tools. The liver was found to be 5 cm. 
below the right costal margin and_ tender. 
[he urine contained 4+ bile, and urobilino- 

n was present in dilutions of 1:256. The 
thymol turbidity was 22.0, thymol floccula- 

to 44... cephalin-cholesterol flocculation 
one-minute bilirubin 2.06 mg., and 
serum bilirubin 3.2 mg. The bromsul- 
ein excretion test showed 41% retention 
the end of 60 minutes using a 5 mg./kg. 
dose. Serum albumin was 2.84 gm. and 
im globulin 2.44 gm. There was no evi- 
ice of joint improvement during the period 
laximum jaundice. 
(he patient was treated with bed rest, high- 
tein diet, and added vitamins. His liver 
tion tests remained positive until Jan. 
1952, when they returned to normal. He 
been followed for 6 months since re- 
ry and has been well except for his 
ritic symptoms which have remained un- 
ged. His liver function tests have contin- 

to be normal. . 
ASE 3. No. 369732. M.D., an 84-year-old 

female with nephrosis, had been treated 
it the Children’s Medical Center with anti- 
s, Salt-free albumin, and ACTH with 
utUc improvement. On April 6, 1951, she was 
g 200 cc. of postpartum plasma intra- 

sly and this was continued for 3 suc- 
e days in an attempt to induce diuresis. 
was unsuccessful, she gained 5 pounds, 
equired paracentesis. She had received 
od or plasma prior to this time, but on 
\ 24, she was given 300 cc. of whole 


\ 
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blood intravenously because of a fall in 
hemoglobin. 

She was given cortisone, developed a 
diuresis, and was symptom-free until she was 
admitted to the hospital on May 30, 1951, 
with jaundice of one day’s duration. There 
was a yellow tinge to her skin and_ her 
sclerae were quite icteric. The liver was 3 cm. 
below the right costal margin. Her urine 
contained bile. Thymol turbidity was 15.0, 
thymol flocculation 3+, cephalin-cholesterol 
floc culation 3 to 4+, one-minute bilirubin 3.41 
mg., and total serum bilirubin 4.97 mg. 

She was placed on a high-protein, low-fat 
diet, and on complete bed rest. Her jaundice 
cleared and she made a rapid recovery. When 
next seen on July 3, 1951, she appeared to 
be completely well. Repeat liver function 
tests were within normal limits. 

Case 4. No. 221159. J].H., a 16-year-old 
white male, had been followed at the Chil- 
dren’s Medical Center for several years for 
rheumatoid arthritis. At no time had he re- 
ceived blood or plasma. On Sept. 20, 1951, 
he was started on a course of 200 cc. of post- 
partum plasma intravenously daily for 5 suc- 
cessive las. He showed no improvement as 
a result of this therapy and was discharged 
home. 

On Nov. 11, 1951, he was noted by his 
physician to have icteric skin and sclerae and 
a diffusely enlarged and tender liver. His 
urine at this time was very dark. No labora- 
torv tests were done. He was treated with 
bed rest, high protein diet and improved 
steadily. When seen again on Mar. 19, 1952, 
he was completely well except for his arthri- 
tis, which had not improved despite his jaun- 
dice. Liver function tests showed thymol 
turbidity 0, thymol flocculation 0, cephalin- 
cholesterol flocculation 0, one-minute biliru- 
bin 0.51 mg., and total serum bilirubin 1.17 


mg. 


It is unfortunate that the laboratory 
data on Case 4 are incomplete. How- 
ever, the clinical picture and physical 
findings were in keeping with a diag- 
nosis of homologous serum hepatitis. 
In Case 1, whole blood and regular 
plasma were given at the same time as 
postpartum plasma, making the etiol- 
ogy of the hepatitis uncertain. On the 
other hand, the transfusion of whole 
blood in Case 3 was probably given 
too soon before the onset of symptoms 
to have been responsible for hepatitis. 
The infusion of human albumin in 


h 
At 
0) 
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Cases 1 and 3 were probably not re- 
sponsible for the hepatitis, on the basis 
of the survey by Paine and Janeway”’. 

The material administered to these 4 
patients came from 5 different lots, and 


no 2 


patients received material from 
the same lot. The high incidence of 
serum hepatitis found in this small 
group would indicate that homologous 
serum hepatitis can be transmitted 
through Fraction IV, and certainly con- 
firms the fact that the danger of hepa- 
titis is markedly increased when plasma 
is pooled Whether or not the risk is in- 
creased by employing postpartum 
plasma instead of regular plasma, or 
by employing Fraction IV in contrast 
to non-fractionated pooled plasma, re- 
mains to be determined, although the 
studies of Granirer®® and Aronson! 
that non-fractionated 
pooled postpartum plasma carries little 


risk. 


The present series is too small to 


would suggest 


evaluate properly the usefulness of post- 
partum plasma in any of the conditions 
treated. Except for Case 1, which show- 
ed some subjective improvement, there 
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was no evidence of a sustained remis 
sion in any of the patients with rheu 
matoid arthritis. It would appear from 
this study that the risk of acquiring 
hepatitis far outweighs the therapeutic 
effect of the material. An interesting 
finding was that none of the children 
with rheumatoid arthritis showed 
symptomatic improvement during th 
acute phase of hepatitis, as reported 
by Hench*-'* and Holbrook'* 

Summary. 1. Four out of 16 patients 
treated with Cohn’s Fraction IV of 
pooled postpartum plasma developed 
homologous serum hepatitis 

2. Therapy consisting of any type 
of plasma pool carries with it the rish 
of homologous serum hepatitis; the 
greater the number of donors contrib 
uting to a pool, the greater the risk 


3. In the small series studied, th 
risk of homologous serum hepatitis 
from Fraction IV of pooled plasma 


seems particularly great. 

No beneficial effect on rheuma 
toid arthritis can be attributed to Frac 
tion IV. 


Med. Sci., 223, 144, 1952 
]. Am. Med. Assn., 144, 226, 1950 
135, 268, 1947 | 
A., Morris, D., and Camps, F. E.: Brit. M 
91, 591, 1950 


Greenstein, N. M., Barenberg, L. H., and Steinberg, D.: Am. |. Dis. Child., 81, 218, 195 
8. Hench, P. S.: Proc. Staff Meet. Mayo Clin., 8, 430, 1933 
9. Idem: Ann. Int. Med., 7, 1278, 1938 t 
10. Idem: Arch. Int. Med., 61, 451, 1938 
11. Idem: Brit. Med. ]., 2, 394, 1938 
12. Idem: Med. Clin. North America, 24, 1209, 1940 
13. Holbrook, W. P.: New York Med. J., 4, 7, 1948 
14. James, G., Korns, R. F., and Wright, A. W.: J. Am. Med. Assn., 144, 228, 1950 
15. Janeway, C. A.: Bull. New York Acad. Med., 21, 202, 1945 


16. Idem: ] 

Lehane, D., Kwantes, C. M. S., 
2, 572, 1949 

18. Lesses, M. F., and Hamolsky, M. W.: | 


19. Ordman, C. W., Jennings, C. G., Jr., and Janeway, C. A.: | 
and Janeway, C. A.: J. Am 
A., and Michael, S. 


20. Paine, R. S.., 
Rosenthal, N., Bassen, F. 


Am. Med. Assn., 138, 859, 1948 


Med 


Upward, M. G., and Thomson, D. R.: Brit. Med f 
Med. Assn., 147, 727, 1951 
Clin. Invest., 23, 541, 1944 


Assn., 
Ibid 


150, 199 
144, 224 


1952 


1950 


EFFECT OF ORAL ADMINISTRATION OF COMBINATIONS OF 
PENTYLENETETRAZOL AND BARBITURATES?” 
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By THroporeE Koppanyt, Ph.D. 
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” CHIEF OF STAFF, GALLINGER MUNICIPAL HOSPITAI 
its rom Departinent of Pharmacology, Georgetown University School of Medicine, and the 
ol Callinger Municipal Hospital, Washington, D. C 
Desprre the voluminous literature on ministered in tablet form so that the insertion 
p' barbiturates and on central analep- a the stomach tube was unnecessary. Signs 
: : indicating either stimulation or depression of 
isk tics? 4 little attention has been 
ee the central nervous system were recorded. 
he ven to the effects of the oral adminis- Since the barbiturates were administered 
ib tration of these agents, which is the — either in anesthetic or lethal doses, and also 
re’ lore regrettable since the vast major- i? combinations with pentylenetetrazol, par- 
; . ticular attention was paid to the onset, depth 
ty of barbiturates are taken bv this 
and duration of anesthetic action in control 
itis rout lhis study deals with the stim- animals as compared with those receiving the 
m iting hypnotic, anesthetic and lethal — combinations. 
fects of the oral administration of CLINICAI INVESTIGATIONS. In human 
entvlenetetrazol. of barbiturates. and studies, the barbiturates were administered 
na +] hinati This tio alone or simultaneously with pentylenetet- 
AC heir combmautions. razol, either In solution, In tablets or capsules. 
tion will reveal whether the well-known Various amounts of pentylenetetrazol were 
vsiological antagonism between given in tablets with starch and tale as excip- 
ntvlenetetrazol and barbiturates ents. In a second series of experiments, 
ducts were prepared (with identical excip- 
occurs following their simul- 
ients) which contained a fixed amount. of 
eous oral administration. Further- barbiturates and of pentylenetetrazol in a 
re, it will be determined it a fixed proportion of 1.5 parts of pentylenetetrazol to 
portion of a combination of pen- 1 part of barbiturate. In a third series, the 
{ tylenetetrazol and barbiturates given — Prepertion of pentylenetetrazol to pentobar- 
; bital or secobarbital was increased to a ratio 
lly will interfere with the sedative 
of 3:1. Control experiments were also car- 
ivpnotic action of barbiturates and jig out. using barbiturates or pentylenetetra- 
{ similar combinations larger zol alone, and the sleep pattern following 
unts will protect against an anes- ingestion of various amounts of these agents 
thetic or toxic dose of barbiturates. was determined. The subjects received the 
medication approximately 3 hours after eat- 
lethods. ANIMAL EXPERIMENTS. Various ing. Following their ingestion, the room was 
of several barbiturates (long- and short- darkened and the patients’ condition period- 
and of pentylenetetrazol, as well as — ically ascertained as to onset, depth and 
res of these drugs, were administered by duration of sleep. Patients receiving larger 
h tube to fasting dogs. Efforts (usually doses of the combination (pentylenetetrazol 
sful) were made to prevent vomiting and barbiturates) were initially given the 
| f ing the administration of pentylene- drugs in solution, but later tablets containing 
1 and of pentylenetetrazol-barbiturate yentylenetetrazol and barbiturates in the 
es. Occasionally these drugs were. ad- above-mentioned ratios were substituted. 
} 


ve are grateful to Dr. James C. Munch, Medical Director, Strong Cobb & Co., Inc., 
ind, Ohio, for making these Tetrobarb-combinations available to us for study. 
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Results. 1. ANIMAL EXPERIMENTS. 
\. Effects of Orally Administered Pen- 
tylenetetrazol: Pentylenetetrazol 
administered in doses of 35, 50, 75 and 
200 mg./kg. of body weight (Table | 
\fter 35 mg./kg. of pentylenetetrazol, 
there was no excitement, but a gait re- 


Was 


sembling the steppage type was noted. 
Dogs receiving larger amounts of pen- 
tvlenetetrazol showed signs of medul- 
lary stimulation, as evidenced by hy- 
nausea, salivation, 


perpnea retching, 


micturition and frequent defecation. 


[witches or convulsions were seen only 
n dogs receiving 50 mg./kg. of 


once 


rABLE 1.-EFFECTS OF ¢ 
PENTYLENETE 
Onse 
Doss ter 
{nama ng 
l 0 
100 
150 1-12 


Hype rexcitabilit, 


Four animals received drug in 


FAZEKAS: 


showing frank convulsive seizures ex 
hibited 
lowing the period of hyperexcitability 


somnolence and anorexia fol 
In no instance did the animals die fol 
lowing the oral administration of 104 
But 206 


prov ed 


mg./kg. 


mg./kg. of 


ot pentylenetetrazol. 
pentylenetetrazol 
fatal within one hour after its adminis 
tration. These dogs showed tonic and 
clonic spasms, each lasting about 5 
seconds at about 3-minute intervals. Af 
ter 40 the 


weaker, the animals seemed more re 


minutes spasms becam« 


laxed, respiration ceased suddenly, th 


IRAL ADMINISTRATION OF 
PRAZOL ON DOGS 


Vagnitud ” Durations 
Response f Actror 


One abortive 
clonic spasm 

Hyperexcitabilit 
Convulsions 
Hyperexcitabilits 

Tonic and clonic 6 
convulsions 

Tonie and cloni 8 
convulsions 

Toni and cloni \ died with 


convulsions 


ind spaste ity 


tablet form 


All animals received drug in tablet form 


Retching, salivation, defecatio 
following the administration of pent 


pentylenetetrazol Hyperexcitability 
and spasticity persisted from 4 to 6 
hours. Animals receiving 75 mg./kg. 
showed the same signs for a somewhat 
longer period, and an increased fre- 
quency of convulsions. All animals re- 
100 pentylenetetrazol 
per kg. had repeated tonic and clonic 
constant 
state of hyperexcitability for more than 
6 hours. 


ceiving mg. of 


convulsions and were in a 
The onset of central nervous 
stimulation in all 
prompt, some animals convulsing with- 
in 5 minutes following oral administra- 
tion ofl 


system cases was 


pentylenetetrazol. Animals 


n, micturition developed in all animals 


\ le nete trazol 


heart beating for a minute or two | 
lowing respiratory failure 

B. Effects of Orally-Administe1 
Pentylenetetrazol-Pentobarbital Sodium 
Combinations. Pentylenetetrazol and 
pentobarbital sodium were simultan 
administered in the following 
Pentobarbital ) 


dium, 35 mg./kg. and pentylenetet 


eously 
combinations: ] 


zol, 35 mg./kg. (2) Pentobarbital so 
dium, 35 mg./kg. and_pentylenetet 
razol, 100 mg./kg. (3) Pentobarbital 


sodium, 75 mg./kg. and pentylenetet 


razol, 200 mg./ke. (4) Pentobarbital 
sodium, 100 mg./kg. and pentylenetet 


nl hour 


ORAT 


kg. 


razol, 300 mg 


sent the results 


ADMINISTRATION OF 


Tables 2 and 3 pre- 


obtained in 


animals 


given pentobarbital sodium alone and 
in the above-mentioned combinations. 


Pentobarbital sodium alone, 35 mg./ 


kv produced 


within less than 


surgical 


15 


anesthesia 


minutes after its 


administration, lasting for several hours. 


When given in combination with pen- 


tvlenetetrazol, 35 


TABLE 2.—EFFECTS OF ORAL 


1) \ Wee 
) 
67 
* Pent 


m¢./kg.., 


anesthetic 


ADMINIS 
NTOBARBITAL SODIUM, A 
IN A 1:1 RATI 
Dose 
Time of {dm 
1M 
0 
10:58 
10:16 


vVlenetetrazol, USP 


action of the barbiturate remained un- 
inftiienced. When given in combina- 
tion with pentylenetetrazol, 100 mg. 


Kg. the majority of the animals not 


onl, did not become anesthetized but 


did not go to sleep at all and showed 
onl, varying degrees of ataxia. It may 
be idded that these animals also show- 
ed nausea, retching, urination, and 
defecation but no hyperexcitability 
nO |vperpnea and no convulsions. 

animals receiving pentobarbital 
75 mg./kg., and pentylenetet- 
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razol, 200 mg./kg., showed a marked 
delay of onset of anesthetic action, but 
finally did become anesthetized. There 
was no hyperexcitability; one animal 
recovered and one died. 

Animals receiving pentobarbital so- 
dium, 100 mg./kg., and pentylenetet- 
razol, 300 mg./kg., (Table 3) likewise 
showed a delay of onset of anesthetic 
action: all animals became anesthetized. 
The died within 2.5 


control animals 


TRATION OF PENTYLENETETRAZOL, 
ND THEIR COMBINATION 
O ON DOGS 
My ky 
Phenobarl 
Nodium Results 
35 10:25 Ataxia 
10:25 Prostrate 
10:32 Surgical anesthesia 
Recovered after 5 hrs 
0 10:42 Little stiffness 
10:50 Definitely stiff, urina 
tion and defecation 
3:15 p.m. Completely re 
covered 
10:56 Severe ataxia 
11:02 Surgical anesthesia 
Recovered after + hrs 
10:38 Ataxia 
10:58 Cannot stand 
11:02 Prostrate 
11:50 Surgical anesthesia 
Recovered after 5 hrs 
10:20 Ataxia 
10:24 Cannot stand 
10:35 Surgical anesthesia 
Recovered after 5 hrs 


hours; 2 animals receiving the pen- 
tylenetetrazol pentobarbital so- 
dium survived; the other 4 died within 
24 hours. Of 4 dogs receiving pentobar- 
bital sodium, 35 mg./kg., pen- 
tylenetetrazol, 300 mg./kg., 3 showed 
one slight clonic spasm lasting for a 
few seconds within a few minutes after 
administration. The fourth animal did 
not show any of seizure. 
These animals later became severely 
ataxic, did not become anesthetized, 
but their locomotion and postural re- 


evidence 


\ 
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Hexes were more disturbed than those 
receiving pentylenetetrazol, 100 mg. 

ko 


died from a previously existing respi 


Phe Se animals recovered and one 


utoryv intection 
Effects of 
Pentylenetetrazol 


Orally Administered 
and Phenobarbital 


FAZERAS: 


in contrast to the animals receiving 
pentylenetetrazol pentobarbital sodium 


mixtures, all showed from 1 to 7 clonic 


seizures within minutes followin 
administration. The animals did not 
become anesthetized until about 
hours following administration; the 


PABLI EFFECTS OF ORAL ADMINISTRATION OF PENTYLENEPETRAZOI 
PENTOBARBITAL SODIUM. AND THEIR COMBINATION ON DOGS 
Dos 1 n 
Onset 
Pentol ‘ction fA 
Vo. D ran Nodiu Vinut Re 
» 1S Surgical 
inest! 
> (1 doy Surgica 
anesthesia ny 
5 (6 dogs Severe ataxia 
reflexes and 
body righting 
0 (6 dogs Slight ataxia t 
ible to stand 
ind walk 
(3 dogs Spusm, severe Ni 
ith ( 
dog Ion 
it 
? 0 75 Surgical Died 
inest} IL} 
) 200 75 Over 60 Surgica la lr 
inest! 
no spasms 
0 100 Surgica 1) 
anesthesia 
6 100 0: $5: 40 Surgical bad 6 IN] 
$5: 00: 60 inesthes ) overed 
no spasms res 
dog psed u 
st era 
itte 
12} 


* Pentvlenetetrazol, USP 


Sodium Combinations. Control animals 
were given phenobarbital sodium, 150 
and 200 mg./kg., orally in solution 
Table 4 Within 30 minutes they 
became prostrate and after 60 minutes 
they anesthetized. They all died 
within 10 hours following administra 
tion. The animals given phenobarbital 


were 


sodium, 200 mg./kg., and pentylene- 
tetrazol, 300 mg./kg., simultaneously, 


survived at least 10 hours longer tl 
re 
ered at 
time when the phenobarbital sho 
ts central nervous 


animals. Two animals 


Following the seizures 


control 


begin to exert i 
tem depressant effect, the animals 


stead of becoming comatose, usu 
got up and walked about 
HuMAN PHARMACOLOGICAL S1 


\. cts of Pe ntyle netetrazol 


IES 


ORAL ADMININPRATION 
selected subjects were given 300, 500, 
600, 1200, 1S00 and 3000 mg. or more 
ol pentylenctetrazol (up to 55 mg./kg. 
of body weight) on an empty stomach 

Fable 5 While smaller doses (500 


or less total dose) do not seem to 


ng 


TABLE 4. EFFECTS OF ORAL 
PHENOBARBITAL SODIUM, 


PENTYLENETETRAZOL 


ADMINISTRATION OF 
AND THEIR COMBINATION ON 


AND BARBITURATES 209 
interfere with sleep pattern, progres- 
sively larger doses produce various ob- 
jective and subjective — signs and 
symptoms of central nervous system 
stimulation. These include nervousness, 


excitement, olfactory hallucinations 


PENTYLENETETRAZOL, 
DOGS 


Iefion 


Minutes 


ADMINISTRATION OF 


fnesthesia Ri marks 


oo Both dogs died next das 


10 60 All dogs died 6-20 hrs 


10 dogs died 24-32 hrs. 2 dogs 
recovered in about 60 hrs. All 
dogs showed clonic and tonic 
spasms within 11 minutes; 2 

showed only 1 brief spasm, the 

others, 4-7. Following seiz- 
ures, all dogs temporarily re 
covered without showing 


SOO SOO 


ondary depression 


PENTYLENETETRAZOL 
SUBJECTS 


Im proved Re marks 
tj Subjects from medical, urolog 
ical, orthopedic, surgical and 
psychiatric wards 
olfactory hallucinations 
2: jitters 
2: slight gastrointestinal dis 
comfort 
Epileptics, no seizures 
No discomfort 
1: vertigo, nervous tension, un 
steadiness 
Excitement terminated with 
Amytal Na 200 mg. IV 
Usual sleep pattern 
Epilepties 1 showed convul- 
sions 
| subject showed clonic jerks 
and given Amytal Na 500 mg 
IV 
1 subject jittery; delay of onset 
of sleep 
Subjects showed vomiting or 
retching; 3 convulsed. All 


Do fdministered 
iq. KY Onset of 
Phe nobarb 
Vo. D PTZ" Nodium Prostration 
) 150 
200) 17-30 
200) 120 600 
* Pentvlenetetrazol, USP 
PABLI EFFECTS OF 
ON HUMAN 
Sleep Patt rn 
\ ] Do 
Vo Ch mage Disturbed 
1] 
) 00 
600 
l SOO 
1000 
i200 l 
2 l l 
8000 0 6 
to 


given Amytal Na 500 mg. IV 


light headedness, 


nausea, _retching, 
vomiting, and tonic and clonic convul- 
sions. 

B. Effects of Pentylenetetrazol-Bar 
biturate Unselected 


subjects from the psychiatric, ortho- 


Combinations. 


medical and urological services 
200 ( total 
either secobarbital sodium, pentobar- 


pedic 


were given mg. dose ) of 
bital sodium, or phenobarbital sodium 
Table 6) and in combinations 
with 300 or 600 mg. of pentylenetetra- 
zol (total dose) (Table 7). It should be 
noted that their sleep was in no way 


disturbed or altered by the addition of 


alone 


rABLE 6 THE EFFECTS OF THE 
ON HUMAN 
D Tota \ 
. Salt Dose mg Subject No I 
Phenobarbital 200 
Pentoba 200 17 5 
500 
ooo 
Secobarbital 200 Is 


pentylenetetrazol to the barbiturates 
in the above ratios. It is, therefore, 
evident that when barbiturates are used 
in hypnotic doses, the addition of pen- 
tylenetetrazol in the above-mentioned 
proportions did not interfere with the 
soporific effect of commonly used bar- 
biturates 

\ limited number of subjects were 
given 500 mg. pentobarbital sodium 
as controls, other subjects received .600 
or 1000 mg. pentobarbital sodium in 
combination with 900, 1500, 1800 mg. 
pentylenetetrazol. The subjects re- 
ceiving 500 mg. pentobarbital sodium 


alone did not differ significantly in 


270 KOPPANYI, 


ADMINISTRATION 


FAZEKAS: 


their sleeping pattern from those re 
ceiving 1000 mg. pentobarbital sodium 
plus 1500» 
Tables 6 and 7 
patients was anesthetized; they could 


penty lenetetrazol 
Neither group of 


be aroused easily; in fact, patients 
from each group awoke spontaneously 
to void (Table 7). Some subjects 


who received pentobarbital sodium, 15 
mg./kg¢., 
razol., 


combined with penty lenetet 


15 mg./kg., showed delay of 


onset of sleep, restlessness, retching and 
} hours following ad 
They did not, 


twitches or convulsions. 


vomiting within 
howeve1 
Once 


ministration. 
show 


BARBITURATES 


SUBJECTS 
p Pa 
Disturbed 
2 subjects con 
fusion, disorientsa 
tion upon awak-" 
Ing 
9 2 confused, dis 


orie nite d 


All could be 


aroused but 


ataxic and dizz 
on awakening 

11 1 subject confuse 
and noisy 


they were asleep they could be arous« 


easily and occasionally awoke Spol 
taneously; some with, and others wit! 
out ataxia. The duration of sleep varie 
the 
usual hour, feeling refreshed. Othe 
but 


somnolent, complaining of a 


Some awoke spontaneously at 


neverthele 
feelir 


similar to that experienced after 


were awake were 


alcoholic debauch. Control studies | 
ing pentobarbital sodium alone, 

mg./kg., were not carried out becat 
the indicate tl 
doses of this magnitude may produ 


data in literature 


anesthesia with « omplications* 
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Discussion. The concept that pen- 
tylenetetrazol is rapidly destroyed in 
the human organism originates from 
a) clinical experience in which the 
drug is given intravenously every 15 
minutes to patients in the treatment 
of acute barbiturate intoxication, (b) 
from animal experimentation of a sim- 
ilar nature, and (c) from a case of 


convulsant dose subcutaneously or 
orally at varying time intervals. With 
an interval of 20 minutes between 
doses, two times a half-convulsant dose 
produced convulsions, but when the 
interval was increased to a half-hour 
and to one hour, three such doses were 
necessary. With an interval of 2 hours, 
detoxification was more rapid than ab- 


TABLE 7. THE EFFECTS OF THE ADMINISTRATION OF COMBINATIONS OF 
PENTYLENETETRAZOL AND BARBITURATES ON HUMAN SUBJECTS 


Slee P Pattern 


Dose** Vo. of 
Drug mg. total Subjee ts Vo ¢ hange Disturbed Improved Remarks 
PTZ* S00 16 3 2 11 
Phenobarlt 200 
sodium 
PTZ 00 7 HW) 
Pentobarb 200) 
sodiun 600 14 | 0 13 $3 subjects dizzy 
200 on awakening 
1500 3 0 0 ; Subjects could be 
1000 aroused easily 
1800 0 0 Subjects could be 
GOO aroused easily; 
no ataxia 
200 3600 6 0 6 0 3 subjects showed 
1000-1200 retching and 
vomiting. 5 de 
lay in onset of 
sleep, no convul 
sion. 5 aroused 
easily. Only 1 
did not awaken 
spontaneously on 
the following 
morning 
WA 300 5 2 13 
bark 200) 


* Pentylenetetrazol, USP 


* In this column, the first number refers to mg. of PTZ; the second number refers 


to mg. of the barbiturate 


cide who died one hour following 
ingestion of 10 gm. of pentylenetet- 
| and from whose tissues and urine 
y traces of pentylenetetrazol were 
overed*, However, in unprotected 
mals given pentylenetetrazol sub- 
taneously or orally, its prolonged ac- 
has been reported**. Hildebrandt 
Voss attempted to determine the 
of detoxication by giving half the 


sorption, so that no convulsions were 
produced. These findings are in agree- 
ment with those reported in this paper 
and show that pentylenetetrazol ad- 
ministered by the oral route is not 
eliminated much faster “essentially” 
than some barbiturates. Also, it should 
be remembered that the duration of 
action varies with the size of the dose. 
In our experiments, pentylenetetrazol, 


| 
t 
d 
| 
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when given in doses of 50 to 150 
mg./kg. orally to dogs, powerfully 
stimulated the central nervous svstem 
for periods up to § hours. 

It should be emphasized that pen 
tvlenetetrazol is a general central net 
vous system stimulant!, producing not 
only vomiting but also hyperpnea 
micturition and defecation. This is in 
agreement with the seldom-quoted ex 
periment by Schwartz!’ namely, that 
10 and 80 mg./kg. overcame the par 
alysis of the vomiting center which 
occurred in deep barbital anesthesia 
In addition, it should be pointed out 
that in the previous literature", the oral 
convulsive dose for pentylenetetrazol in 
rabbits was reported as between 140 
and 200 mg./kg.; in rats, from 170 
to 1SO mg./kg. Our results show that 
considerably less pentvlenetetrazol pro 
duced convulsions in dogs, still 
less is required for humans 

In spite of the well-known central 
stimulating effect of pentylenetetrazol, 
we have shown in normal subjects that 
a total oral dose as high as 300 to 500 
mg. may not stimulate the subject no 
interfere in any way with his normal 
sleep pattern. In fact, some of the sub 
jects who received this dose _ fell 
asleep while their electroencephalo 
graphic tracings were being recorded 
Even when 3000 mg. (pentylenetet 
razol, 35 mg./kg.) was given orallv to 
t subjects, one was not affected, one 
complained of nervousness, but went 
to sleep without any difficulty. The 
other two developed nausea and per 
sistent vomiting which were terminated 
abruptly by the intravenous injection 
of sodium amytal. In all 4 cases no 
other evidence of central nervous svs- 
tem stimulation was observed (Table 
5 

The administration of suitable single 
oral doses of pentylenetetrazol with 
full oral anesthetic doses of barbitu- 
rates prevents or delays narcosis: a 
finding which agrees with the results 
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of numerous previous investigations, in 
which, however, the drugs were ad 
ministered by the intravenous route 
Cats received preliminary anesthesia 
for surgery” and were given intraven 
ously a solution of either pernoston 
or evipal sodium, alone in doses_ of 
100) mg./kg./hr.. or combination 
with doses of pentylenetetrazol (from 
50 up to 250 mg./kg The fatal dose 
of pernoston alone was 90 mg./kg./hi 
whereas that of evipal sodium alone 
The addition of 


ot 250) 


was 150 mg./kg./n 
pentvlenetetrazol LOO) and 
mg./kg./hr., to pernoston raised the 
fatal dose of the latter. from 90 to 117 
and to 148 mg./kg./hr. The addition 
ot pentylenetetrazol 50 meg./kg./hi 
raised the fatal dose of evipal trom. LS 
to 350 mg./kg./hr., and the addition of 
pentvlenetetrazol mg./kg./hn 
raised the fatal dose of this barbitu 
rate to 487 mg./kg./hr."*. 

In our experienc the combine: 
oral administration of pentylenetetraz 
and barbiturates delaved considerabh 
the onset of action of massive ora 
doses of barbiturates and prolong 
life. In the case of pentobarbital Si 
dium, the above-mentioned combin 
tion im some cases prevented narcos! 
altogether and in others it prolongs 
the onset of action of the barbiturat 
and shortened its duration of action 
Although pentylenetetrazol, 200 mg 
kg., is fatal to dogs within 1 hor 
the combined oral administration 
pentobarbital sodium, 35 mg./kg., a1 
pentvlenetetrazol, 300 mg./kg., is n 
fatal, the animals exhibiting only or 
brief clonic spasm or no_ seizures 
all. With regard to combinations 
pentylenetetrazol with the longest 
ing barbiturate, phenobarbital sodiu 
several! points should be discussed 
should be recalled that the combir 
administration of —pentylenetetra 
and pentobarbital sodium in a prop 
tion of 3:1 did not result in hyperex 
ability, much less in clonic and to 
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eizures The combined administra- 
tion of phenobarbital sodium and pen- 


tvlenetetrazol in the proportion of 


always resulted in hyperexcitability 
ind convulsions, sometimes as many 

7 convulsive seizures supervening 
vithin 20 minutes following oral admin- 
tration. This shows that pentylenetet- 
razol reaches the effector cells sooner 
than phenobarbital, which is not the 
case with pentobarbital. Nevertheless, 
pentylenetetrazol animals 
iwainst phenobarbital just signifi- 


pre tects 


cantly as it does against pentobarbital 
dium. Pentvlenetetrazol, in combin- 
ition with phenobarbital, delays the 


onset of prostration and anesthesia: 


prolongs, and in some cases, saves 
lives 
These observations, plus the obser- 


tions of Koppanyi, Linegar and 


Dille'’ that simultaneous intravenous 
injection of | to 3 mg. of coriamyrtin/ 
ke. and from 20 to 40 mg./kg. of pen- 
tobarbital sodium was not followed by 
sleep or anesthesia of the animals but 
by ataxia, do not support the 
laims of Nilsson'', who rejects the 


use of analeptics in the treatment. of 
barbiturate poisoning. 


hese observations indicate — that 


pentvlenetetrazol is most effective in 
intagonizing anesthetic or toxic effects 
f barbiturates when given in definite 
mounts with barbiturates. This ratio 


val with the individual barbiturate. 

bjects given hypnotic doses of 

and long-acting barbiturates in 
combination with pentylenetetrazol 

io of 1:3 and 1:1.5 respectively, 

sle is well as control patients given 

the same dose of barbiturate alone. 


This shows that therapeutic combina- 


tion. of pentylenetetrazol and barbitu- 
rate. do not interfere with the hypnotic 
elle This should not be surprising 
In v of the fact that oral doses of 
pent lenetetrazol alone as high as 600 
mg. did not interfere with the sleep 
CV subjects. 


Preliminary — observations indicate 
that when pentylenetetrazol is given in 
conjunction with large doses of pento- 
barbital sodium (500 to 1000. mg. ) 
antagonism In acai similar to that 
noted in the animal experiments is 
evident. 

Summary. 1. The effect of oral ad- 
ministration of various doses of pen- 
tylenetetrazol was determined. 

The duration of action of orally- 
‘red pentylenetetrazol exte nds 
over hours both in dogs and in humans. 
The oral convulsant dose for dogs lies 
between 75 and 100 mg./kg., whereas 
for humans it is more than 35 mg./kg. 

The combination of pentylenetet- 
ri and pentobarbital or se ‘cobarbital 
sodium in the ratio of 3:1, and pen- 
tvlenetetrazol and phenobarbital so- 
dium in the ratio of approximately 3:2, 
in anesthetic or fatal doses of the bar- 
biturates, delayed or prevented the 
onset of anesthesia; prolonged, and 
often saved the lives of the experi- 
mental animals. 

Relatively small doses of barbit- 
urates protect animals against fatal 
doses of pentyvlenetetrazol. Pentobar- 
bital sodium, 35 mg./kg., prevents con 
vulsions from pentylenetetrazol when 
given in doses of 100 mg./kg., and 
occasionally even when given in doses 
of 300 mg./kg. When phenobarbital 
and pentylenetetrazol are administered 
simultaneously there are a few convul- 
sive seizures before the anticonvulsant 
effect of phenobarbital becomes mani- 
test. 

5. Subjects given therapeutic doses 
of pentylenetetrazol and barbiturates in 
ratios of 3:1 for pentylenetetrazol-pen- 
tobarbital sodium, or pentylenetetrazol- 
secobarbital sodium, and of 3:2 for 
pentylenetetrazol-phenobarbital sodium 
showed the same sleep pattern as sub- 
jects given the same doses of barbit- 
urates alone. 

6. Subjects given pentylenetetrazol 
and large doses of pentob: irbital sodium 
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in proportion of 3:1 could be easily 7. The significance of these finding 
aroused is discussed. 
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Panrron® is a synthetic anticoagulant 
which retards the clotting time of 
blood by inhibiting the action of throm- 
bin. It is the sodium salt of polyanhy- 
dromannuronic acid sulfuric — ester 
produced by treating kelp seaweed ex- 
tract with sulfuric acid®. Its chemical 
structure and action are thought to 
resemble closely that of heparin. 

The effect of Paritol when adminis- 
tered intravenously or intramuscularly 
on the clotting time and on the pro- 
thrombin time has been studied at 
the animal and clinical levels. The 
value of protamine sulfate as an anti- 
dote has been ascertained. 


Methods. 1) Paritol At was administered 


ntravenously to 22 dogs in doses of 4 to 7 
mg body weight. Clotting times were 
lete ned by the Lee-White method?. Pro- 
tam sulfate and toluidine blue were given 
intr iously to 5 dogs after the clotting 
time id been prolonged by the adminis, 
trati f Paritol 

2 aritol C°° was administered intra- 
ven y to 23 patients in doses of 5 mg./kg. 
body weight initially. Subsequently it was 
give doses of 3 to 5 mg./kg. body weight 
whe he clotting time dropped below 20 
min Serial clotting times and prothrom- 


Aided by a grant from the Houston District Chapter 
Heart Association } 


determined by the Link 
Shapiro* modification of the Quick! method 
3) After a control clotting time, a single 


bin times were 


dose of Paritol Mit) was administered intra 
muscularly in doses of 7.5 mg./kg. to 15 pa- 
tients. Clotting times were performed ser- 
ially from 30 minutes to 24 hours to deter- 
mine its total duration of effect. 

1) To study the duration of repeated in- 
jections, Paritol M was administered at 12- 
hour intervals for 2 doses to 8 controls and 
the Lee-White clotting times and the pro- 
thrombin times were serially determined over 
a 24-hour period of time 

5) Protamine sulfate was given intraven- 
ously in doses of 50 mg. to 2 patients and 
100 mg. to 4 patients at the time of maximal 
prolongation of clotting time following Pari- 
tol M administration 

6) Control serial determinations of 
urine, blood urea nitrogen, prothrombin ac- 
tivity, and  bromsulfalein excretion were 
made in 11 patients receiving Paritol M. 


Results. Animal studies revealed that 


‘Paritol A in doses of 5 mg./kg. body 


weight administered intravenously was 
optimum in prolonging clotting time 
to therapeutic levels of 20 to 60 min- 
utes (Fig. 1). A peak clotting time 
was reached in 15 to 30 minutes with 
prolongation to 20 to 60 minutes for 


pplied through the generosity of Wyeth, Incorporated. 


ritol A was used only in animals. 


iritol C is a more purified product and is suitable for administration to human beings. 
} tol M is Paritol C prepared for intramuscular administration. 
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tte 5 hours. Protamine sulfate in doses body weight administered  intrave 
t 3 mg./ke. body weight administered ously was not reliable (Fig. 2 
iniiavenously effects a prompt return No clinical thromboses or emboli d 
of the clotting time to normal, but veloped in 23 patients maintained 
toluidine blue in doses of 3. mg./kg. intravenous Paritol for 24 to 72 hou 
ffect of Various Doses of Parit A on the Lee White t J ne 9g: 
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OF INTRAVENOUS 


Lhese included 7 controls, 3 with gen- 


ralized arteriosclerosis, 9 with recent 
ivocardial infarctions and 4.) with 
thrombophlebitis. Toxie effects includ- 
| transient numbness and tingling of 
ingers and toes. Slight transient hypo- 
tensive responses were occasionally 
een, but shock was not encountered. 
itients initially received. a dose. of 
mg./kg. body weight of Paritol C 
ntravenously and from 3 to 5 mg./kg. 
body weight intravenously when the 

tting time fell below 20 minutes. In 


+} 


ese the clotting time was effectively 


\dn tered intravenously 
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quiring about | hour for effective ther- 
apeutic levels to be reached. The ex- 
cessive prolongation encountered with 
intravenous Paritol administration was 
not seen. Therapeutic levels following 
single injections were maintained on 
an average of 10 hours ( Fig. 4). Intra- 
muscular injections were repeated at 
12-hour intervals and therapeutic 
levels were maintained for 24 hours. 
The clotting time was_ significantly 
more prolonged following the second 
injection of the same dose than it was 
following the initial dose, suggesting 


until Therapeutic Level of Prothrombin 


Activity Reached with Dicoumarol 


2mgr $312mgm }312mgm 


5 15 20 


ae 
25 3 


TIME IN HOURS 


Fig. 3. 


mged to 10 hours with extremes of 
Sto 


2 hours. Five patients required 
tional Paritol only at 12-hour in- 

te ls. Figure 3 represents a typical 
treated with intravenous Paritol. 

R excessive prolongation of che 


ng time occurred initially with 

ntravenous administration. In 15 

its the prothrombin time was 

V prolonged. In 2 the prothrom- 
in time dropped from 90% to 10% of 
ne | within 24 hours without 
arol. 


en Paritol M was administered 


int uscularly in doses of 7.5 mg./kg. 

I veight, there was a more gradual 
pl gation of the clotting time, re- 


an accumulative effect (Fig. 5). Pro- 
tamine sulfate was administered intra- 
venously in doses of 50 mg. to 2. pa- 
tients when the clotting time was pro- 
longed with apparent effect. When the 
protamine sulfate was increased to 100 
mg. in 4 subsequent patients, there was 
prompt return of the clotting time to 
approximate pretreatment levels. We 
believe the latter is an effective dose 
of the antidote. 

Limited kidney and liver function 
studies were done on the patients re- 
ceiving Paritol MI to determine drug 
toxicity. Prothrombin activity was in- 
variably prolonged but not to any sig- 


nificant extent, except in 2 cases where 
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Average Prolongation of Lee White Clotting Time in 16 Patients 
Receiving a Single Intramuscular Injection of Paritol M in Doses 
of 7.5mg./Kg. Body Weight 
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Cumulative Effect of Paoritol Min 8 Patients Administered at i2 Hour 
intervals in Doses of 75mg /Kg Body Weight 
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EFFECT OF INTRAVENOUS 
it dropped from 100 to 70% and from 
75 to 50% respectively. There was little 
or no change in bromsulfalein excretion 
except in one patient, in whom reten- 
from 16 to 28% in 30 
davs after 
After 7 days, 
turned to 15%. 


tion increased 
Paritol adminis- 
ys, retention had re- 
There were no abnor- 


minutes 
tration. 
malities found on routine urinalyses 
Blood nitro- 
invariably increased from | 
100 cc. with an average 
100 cc. above the 


following therapy. urea 
gen Was 
to 27 mg. per 
of 6 mg. per control 
vel. 

Only 2 patients of the 29 receiving 
intramuscular Paritol compl Lined of ex- 
pain at the site of administra- 
All others stated that it was no 
There 
abscesses. or 
There SVs- 

patients. One 
complained of transient tingling of the 
fingers and toes and one complained 


cessive 
tion 

worse than penicillin. 
sterile 


were ho 


hematomas, other 


local complications. were 


temic side effects in 


of generalized aching and nausea 
vhich lasted about 24 hours. Shock- 
like effects were not seen with the 


administrations. 

It is desirable for effec- 
tive antithrombotic treatment — that 
simultaneous administration of a rap- 
idly acting anticoagulant be given with 
the oral coumarin agents to cover the 
period required for these 


intramuscular 
Discussion. 


substances 
to depress the blood prothrombin ade- 
quately. Heparin, because of its 
prompt prolongation of the clotting 
tim:, is widely used to cover this lag 
period would otherwise leave 
the patient unprotected for a significant 
lenvth of time. 


which 


Because of the expense 


of \eparin, a search has been made 
for | synthetic agent with similar prop- 
ert Paritol is a synthetic antithrom- 
bin which possesses some of these 
pro; erties”. 

| ‘lowing the use of Paritol in 35 
pat’. nts, Sorenson and Wright, in 


col aring it to heparin, concluded that 
it duced a significant prolongation 


AND 
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of the clotting time with duration of 
effect 2 to 3 times that of heparin and 


that mg. for mg. it was approximately 
one-seventh as potent as heparin’. Our 
observations made in 52 patients have 
shown that Paritol will effectively pro- 
long the clotting time $8 to 10 hours 
whether given intravenously or intra- 
muscularly. Intravenously administered 
Paritol caused a more rapid and an 
excessive prolongation of the clotting 
time. The to intramuscularly 
administered Paritol was smoother and 
produced al curve 
(Fig. 6). 
Svstemic 


response 


more desirable 
sensitivity toxic reac- 
tions following intravenous Paritol have 
included hypotension, dizziness, nau 
and vomiting and tingling of ex- 
tremities'*. Localized inflammation 
may develop when accidental extrav- 
asation Most reactions may 
be considered mild, but the anaphylac- 
tic and hypotensive reactions reported 
assumed rather alarming proportions 


and 


SCa, 


occurs!*, 


and apparently occurred although 
careful attention was given to the 
rapidity of administration'?. Alopecia 


has been reported when the _ total 
amount of Paritol used exceeded 2.8 
gm.° and proves to be a very limiting 
factor in its usage. 

There have been no major toxic re- 
actions in our experiences with Paritol 
A, C, or M. Minor hypotensive re- 
have been encountered, but 
no shock-like episodes have occurred. 
In other series epinephrine and oxy- 
gen have been used effectively to tre at 


the more severe hy pote nsive re sponse’. 


sponses 


There were 3 minor systemic reactions 
2 patients reactions were 


noted. In 2 
manifested by transient tingling of 


fingers and toes and in another by 
generalized aching and nausea. The 
former lasted for only a few minutes 


and the latter persisted for about 24 
hours. In an 8-month follow-up of our 
cases, no alopecia has been encounter- 
ed, but we did not exceed a_ total 
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dosage of 1.68 gm. in any of the pa 
tients. 
consistent urea retention following Pat 


unselected cases, there was 


itol administration. This was minimal 
except in patients with advanced kid 
hey clisease 

Paritol intramuscularly in our exper 
ience would appear to be a safer mode 
of administration. Only 2 minor toxic 
manifestations occurred in 29 patients 
receiving 37 injections. 

Admittedly Paritol M is not the true 
substitute for heparin, but it may be 
in the related field of substances when 
tested. 
of cheapness of production, 


other similar compounds are 
Because 
dependability in prolonging the clot- 
ting time for 8 to 10 hours intraven- 
ously or intramuscularly, and effective 
ness of protamine sulfate as an anti- 
dote, it would appear that Paritol and 
other similar substances should be 
further evaluated. Limiting factors in 
the usage of Paritol appear to be its 
potential renal toxicity, its hypotensive 


effect its 
and its tendency to 


anaphylactic propensities 
produce tota 
alopecia. 


and M hav 


been studied in animals and huma 


Summary. Paritol A, C 


beings. Single injections effectively pri 
longed the clotting time tor 8 to | 
hours, and repeated doses every § 
10 hours adequately maintained sati 
Paritol 


caused minimal local reaction at the 


factory therapeutic levels 
site of administration and appeared t 
be somewhat less toxic svstemicall 
than intravenously administered Par 
tol. Protamine sulfate was found to b 
an effective antidote against intrave1 
ously or intramuscularly administer 
Paritol. Paritol may produce a slight 
prolongation of the prothrombin tir 

It consistently caused a rise in th 
blood urea nitrogen and to a mark 
degree in patients with kidney disea 
The usefulness of Paritol appears t 
be limited because of its toxic reactions 
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Some individuals with permanent 
fibrillation develop attacks 


repeatedly ot 


iricular 
weakness, dizziness, 
faintness and syncope. In the absence 
of other 


vinptoms and 


these 
death, 
have been attributed to sudden = in 


ascertainable causes, 


even sudden 
ses in ventricular rate that cause 
inadequate cardiac output of vary- 
degree and duration. There is no 
bt that rapid increases in ventric- 
rate in individuals with auricular 
lation can produce these symp- 
It is commonplace to observe 
symptoms following physical ac- 
The individual may, of course, 

be unaware of an increased ventricular 
so that an historical relationship 
etween the ventricular rate and the 
symptoms may be unobtainable. How- 
such symptoms do occur, at times, 
lividuals with auricular fibrillation 
without preceding physical exertion or 
ipparent emotional disturbances. Un- 
recognized psychogenic disturbance, 
unrecognized tachycardia or a cerebral 
mechanism of nebulous nature is in- 
voked frequently to explain the symp- 


Ki cently, we have seen several indi- 
vidi (is with auricular fibrillation who 
hav had complaints that would have 
inst. itly suggested a carotid sinus syn- 
dr had a normal sinus rhythm been 
pres nt. So tar as we are aware, a 
hyp. active carotid sinus reflex has not 


been reported in individuals with aur- 
icular fibrillation. Indeed, we are un- 
familiar with any discussion of this 
possibility. It is, of course, recognized 
that the ventricular rate in individuals 
with auricular fibrillation can be slowed 
slightly by pressure upon the carotid 
sinus. 

We know of no reason that the car- 
otid sinus syndrome should not occur 
in individuals with auricular fibrilla- 
tion. On the contrary, it would appear, 
on theoretical grounds, that the syn- 
drome should be more common in those 
with auricular fibrillation than in those 
with a sinus rhythm. This is so be- 
cause the carotid sinus tends to be 
more sensitive in those with cardiac 
disease, particularly coronary artery or 
hypertensive disease. Auricular fibrilla- 
tion is frequently present in these ab- 
normalities. Furthermore, digitalis is 
almost always used in individuals with 
auricular fibrillation. Digitalis increases 
the sensitivity of the carotid sinus. 

The purpose of this report is to show 
that a hypersensitive carotid sinus of 
the cardio-inhibitory type does occur 
in some individuals with auricular 
fibrillation. Judged by this small series, 
the syndrome is at least as common in 
those with this arrhythmia as it is in 
those with a normal sinus rhythm. 

Methods and Material. Twenty consecutive 


individuals with auricular fibrillation were 
studied. Seven gave a history of symptoms 
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that could have been produced possibly by a 
hyperactive carotid sinus reflex Five of 
these 7 had a historv of one or more episodes 
syncope There were 10 males and 10 
females [The ages varied from 40 to 84 
vears. Two were in the fifth decade, 6 in 
the seventh, 8 in the eighth decade and 4 in 
the ninth decade ot life Two had chronic 
hypertension, one had coronary artery dis 
ease, 5 had both chronic hypertension and 
oronary artery disease, 4 had rheumatic heart 
disease 1d 2 of these had associated coronary 
irtery disease, one had nutritional heart dis 
ease al had enlarged hearts of undetet 
lined etiology with associated peripheral 
irteriosclerotic vascular disease All had en 
larged hearts. All were receiving digitalis 

Phe irotid artery pulsations were located in 
the ck at the angle of the mandible. Pres 
sure W ipplied by compressing and massa’ 
ng tl irtery against the cervical vertebrae 
with the thumb anteriorly and the other 
fingers of the hand posteriorly This allowed 
the observer direct vision of the patient and 
the electrocardiogram The patient was 
semi-! mbent with the head slightly eX 
tended and rotated to the opposite sic The 
right side was massaged first. Both sides 
were never massaged simultaneously An 
electrocardiogram was obtained before, dur 
ing and after massage of the carotid sinus 
The lea employed was the one that dem 
onstrated most clearly auricular comple Xes 


As soon as elec trocardiographic changes were 


obtaine pressure upon the carotid sinus was 
released, so as to avoid'any untoward effects 
In this nore susceptible croup All ot the se 
patients had advanced heart disease and we 
lid not feel justified in risking irreversibl 
cerebral changes that may occur?-2*. For the 
same reason, pressure upon the carotid sinus 
Was not ipplied with the patie nt standing 


Results. In 13 of the 20 individuals, 
carotid sinus pressure produced no sig- 
nificant decrease in ventricular rate or 
symptoms other than those attributable 
to direct local pressure. Two of these 
13 had a history of syncope. In 7 (6 
males and one female) of the 20, a 
hyperactive carotid sinus reflex of the 
cardio-inhibitory type was produced 
almost simultaneously. In 5 of these 7, 
symptoms previously experienced were 
reproduced. In 3, each with a history 
of ventricular standstill 
curred. In the other 4, 2 of whom had 


a history of episodic dizziness and 


syncope, Oc- 


ZATUCHNL: 
lightheadedness, the ventricular rate 
was abruptly slowed from 60 per 


minute, 70 per minute, 75 per minute 
and 135 per minute to 28.8 per minute 
44 per minute, 37.7 per minute and 48 
per minute respectively and became 
regular. In each of these, the configur 
ation of the ORS complex changed 
The QRS complex became larger in 2 
an R wave was abolished in one, and 
in another, the configuration of com 
plete left bundle branch block of 9 
vears duration was transformed to that 
of normal conduction. 

In all but 3, pressure upon the right 
carotid sinus duplicated changes pr 
duced by pressure upon the left carotid 


sinus. In these 3 individuals, pressur 


upon the right carotid sinus produced 
no effect, thi 


left carotid sinus produced ventricular 


whereas pressure upon 


standstill in one and ventricular slow 
ing to a regular rhythm in 2. 

The following case reports illustrat 
the hyperactive carotid sinus reflex of 


the cardio-inhibitory type in individ 
uals with auricular fibrillation 


( 


mrale 


Reports. Case 1. L. M., a white 
was admitted to the E; 
ise of a painful shoulder 


ase 
70 vears old 
copal Hospital be: 
oi several hours’ duration. She was perforn 
usual household 
denly blacked-out 
Whe Th she reached 


and 


when she 
ind fell down the 
the toot of the 
iware of pain 
Be ot 


SWe lling ot 


her chores 
st 
stairs 

the rt 
Increasing 


the left cl; 


ular region, she was brought to the hosy 


Was CONSCIOUS 


clavicular region Luise 


olor ition and 


Examination revealed a tender, hemorr! 
area in the left mid-clavicular area. Roent 
ographic study disclosed no tracture ot 
clavicle There was evidence of old trac 
in the region of the left humoral head 


of the right ankle 

Inquiry revealed that she was in appa! 
good health until 2 years avo when ta 
spe lls first appe ired Since then, fa 
spells have recurred frequently These 
sient episodes of unconsciousness may a eal 


spontaneously or may be precipitate by 
stooping, lifting or carrying heavy loads. O 
casionally, 3 or 4 attacks occur in rapi 
cession. She was not aware of either c 
sions or incontinence Attacks were pre le 
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frequently by transient blurred vision and 
lightheadedne SS There was no residual 
weakness. She thinks that these spells repre- 
sent heart attacks, for a doctor told her of 
heart disease 2 years ago. Since then, she 
is taken digitalis (0.1 gm. daily). 
Examination of the heart revealed the 
yoint of maximal impulse to be in the sixth 
intercostal space at the left) anterior axillary 
ine. The rhythm was grossly irregular at a 
entricular rate averaging 100) per minute 
There was a pulse deficit of 10 per minute 
Phe aortic second sound was slightly accentu- 
ited and was louder than the pulmonic second 


pallor appeared, pressure was released. She 
stated that she experienced similar sensations 
spontaneously just before fainting, The elec- 
trocardiogram in Fig. 1 is a continuous 
tracing of lead V" and reveals the presence 
of auricular complexes, irregular in size and 
shape, at an average rate of 428 per minute 
and an irregular ventricular rate averaging 
105 per minute. During carotid sinus mas- 
save, the auricular complexes are unchanged 
in size, shape or frequency and the ventricular 
complexes are absent. Pressure upon the 
left carotid sinus produced similar results. 
Case 2. C. S.. a 65-vear old white male 


LEAD VI (CONTINUOUS) 


{ 


+} 


1. Case 1. Continuous tracing, lead V 
rage ventricular rate of 105 per minute 


sure upon the left carotid) sinus resulted 


d. There were no murmurs. The cervical 
were slightly distended. Basilar pulmon- 
iles were present. The liver was not pal- 

Phere was no peripheral edema. The 
| pressure was 160/50 mm. Hg. Fundu- 

examination revealed a slight increase 
ht streak 

electrocardiogram disclosed the pres- 
of auricular fibrillation and an_ irreg- 
ventricular rate averaging per min- 
There were ST-T alterations consistent 
digitalis effect and myocardial disease. 
ssure upon the right carotid sinus re- 
1 in an abrupt appearance of ventricular 
still (Fig. 1). Pressure was maintained 
for purposes of electrocardiographic« 
nstration. When lightheadedness and 


Initially, there is auricular fibrillation at an 
Pressure upon the right carotid sinus (R.C.S. ) 
its in ventricular standstill, The auricular complexes are not significantly changed 
in a similar effect 


was admitted to the Episcopal Hospital be- 
cause of pain in his right chest. The night 
before admission, while walking, he suddenly 
experienced dizziness and fell upon his right 
side. He did not lose consciousness. He got 
up and returned home. He noticed a painful 
sensation in the right side of his chest, 
especially upon coughing or deep breathing. 
When shortness of breath appeared, he came 
to the hospital for relief. 

He stated that he has had “heart trouble” 
for 8 years. Eight years ago, he saw “spots” 
before his eyes, fell and injured his shoulder 
and right chest. Shortness of breath was also 
present. He was hospitalized at that time and 
told that he had a heart attack. Since that 
time, he has had 5 episodes of sudden faint 
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ikes digitalis (0.1 gm.) every other 
f the heart revealed the point 

impulse to be in the sixth inter 

it the left mid-clavicular lin 

\ was grossly irregular at a ver 
rate of 120 per minute There was 
deficit of 10 per minute. The aortic 
was accentuated and was louder 

econd sound. No mui 

Phe dun were cleat 

ol distended Phere Wil 

iuiterolateral portion ot thre 

| Was exquisitely tender 
ISO. 1000 He \ 

Ss wa present bilaterally 
ition revealed increased 
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University Hospital He has known of th 
presence of hyperte nsion for at least 9 year 
During the past 6 years he has been seet 
regularly at the ( linvic because ot heart 
failure Auricular fibrillation was present fo 
t vears. During the past 2 or 3 months, he 
has experienced peculiar « pisodes of dizzines 
that ipp ir only in the erect position, stand 
ing or walking. On 2 such occasions, he fell 
He knew what he v doing but just coul 
not control himself. never lost consciou 
Hess examination ol thre heart reveal 
thre Of impulse to be in tl 
sixth intercostal space it the left) anteri 
line The rhythm was irregular at 
rate of 80° per minute The aortic secor 
sound was louder than the pulmonic seco! 
sound but both were of decreased intensit 


RT. CAROTID SINUS PRESSURE 


Case Continuous tracing, lead 1. Initially, there is auricular fibrillation at 
ntricular rate of 75 per minute. Pressure upon the right carotid sinus (white | 
in ventricular standstill. Pressure upon the left carotid sinus pl duced a similar eff 
ra1ogt iphi tudy losed the No were i lible The hi igs 
ft auricular fibrillation nd ST-1 lear. There was no edema. The blood 1 
msistent with digitalis effect and sure was 240/120 Hg. Fundus opi 
lisease imination revealed changes consistent 
ntgenogram showed an enlarged i grad sclerosis. Chest roentgenogram 
iortic ir h ( ilcific ition ind closed in enlarged le tt ventri le und La 
f the right fitth rib. The blood and ous 1orta Electro irdiogram revealed 
were normal. The serological tests presence of auricular fibrillation and S 
vere negative ilterations consistent with digit ilis effect 
pon the right carotid sinus r mvocardial diseas« Pressure upon the 
entricular standstill (Fig. 2 No carotid sinus resulted in neither sympton 
mplexes could be identified in signs. Pressure upon the left carotid sim 
electro ardiographi¢ leads. Pres sulted in ventricular standstill and diz 
the left carotid sinus resulted in CasE 4. P. G., a white male, 81 years 
tandstill also When he com was admitted to the | piscopal Hospita 
iness which he later volun iuse of pain lo ited at the apex of the | 
was similar to that which he pre viously It was dull and aching in character 
er pressure was released ippeared at rest ) davs previously . 
W I 1 62-vear old white male then, it has been intermittent and of var 
en in the Cardiac Clinic of Temple severity. Pain is occasionally associated 


rotuse perspu ition 


ranch block 


udiogram reve iled aur ular fibrillation and 
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He stated that, for many 


ears, he has been short of breath on effort 


1S subject to frequent spells of dizziness, 
rticularly on changing from the supine to 


he erect) position 


He has ‘ioem attending the Cardiac Clinic 
E,piscopal Hospital since May, 1945. At 
in electrocardiogram revealed nor- 
il sinus rhythm and complete left. bundle 
In October, 1945, an electro- 


it time 


nplete left bundle branch block. Subse 


ent electrocardiograms were similar in ap 
earance He has been taking digitalis (O.1 
daily since 1945, but stopped the 


voluntarily 6 weeks 


previous to his 
ent hospital 


idmission 


CASE P.G 


LEAD | (CONTINUOUS TRACING) 
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Pressure upon the right carotid sinus pro- 
duced no effect. Pressure upon the left caro- 
tid sinus resulted in the appearance of small 
ventricular complexes of normal duration oc- 
curring regularly at a rate of 28.8 per min- 
ute (Fig. 3) The S-T 
isoelectric and the 


segment became 
T waves upright. The cor- 
rected Q-T interval during the slow ventric- 
ular rate was 0.28. The effects of pressure 
upon the SInuUS Were reduplicated on several 
occasions. During the maneuver 
stated that he was dizzy. 
Case 5. J. N.. a white male, 40 years old, 
was admitted to the Episcopal Hospital be 
cause of he moptysis, cough and dyspnea. He 
has known of rheumatic heart disease for 


10 vears. He has been taking digitalis (0.1 


the patient 
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3 Case 4 

left bun le branch block. The ventricul 
eft carotid sinus white line results in 
il duration, occurring regularly at a rate 


1 sinus produced no effect 


matior idmission re vealed a blood 


re of 190/100 mm. Hg. The peripheral 
es were thickened and _ tortuous. The 
of maximal impulse was in the fifth 
stal space, 2 cm. to the left of the 
iid-clavicular line The rhythm was 
lar at an average ventricular rate of 80 
nute. There was no pulse deficit. The 


econd sound was accentuated and 
ider than the pulmonic second sound. 
le 2. blowing mitral systolic murmur 


lible. The lungs were emphysematous 
was no edema. On the first night of 
pulmonary edema appeared 
digitalized and improved. 
trocardiographic study revealed auric- 
brillation and complete left bundle 
block. Chest roentgenogram disclosed 
nlargement of the left ventricle and a 


ilizati 


Continuous tracing, lead 1. Initially, there is auricular fibrillation and com- 


ir rate averages 60 per minute. Pressure upon 
the appearance of small QRS complexes, of 
of 28.8 per minute. Pressure upon the right 


gm. daily) for many years. He has not work- 
ed, for the past year, because of shortness 
of breath. During the past week, shortness 
of breath increased and hemoptysis and 
cough became severe. Mercurials were given 
without relief. Examination revealed a_ thin 
white male with orthopnea and cyanosis. The 
blood pressure was 125/80 mm. Hg. The 
cervical veins were distended. The point of 
maximal impulse was in the sixth intercostal 
space at the left mid-axillary line. The apical 
impulse was diffuse and heaving. The rhythm 
was grossly irregular at a ventricular rate of 
150 per minute. There was a pulse deficit 
of 20 per minute. Mitral systolic and pre- 
svstolic murmurs were present. The second 
aortic and pulmonic sound were accentuated 
and equal. There was dulness at the right 
base with bronchovesicular breath sounds and 


subcrepitant rales. The liver was enlarged 


he 


SOLOFF, 


ind tender. The tip of the spleen was pal 
There was no edema. Chest roent 
cenogram revealed an enlarged, globular heart 
ind mvexity of the left second and_ third 
segmeni Phe pulmonary vessels were en 
gorged The right lower hemithorax was 
hazy. An electrocardiogram showed auricular 
fibrillation and changes consistent with com- 
bin ventricular hypertrophy, mvocardial 
lisease and digitalis effect 

Pressure upon the right carotid sinus pro 
duced no. effect Pressure upon the lett 
irotid sinus resulted in an abrupt slowing 
of the ventricular rate from 135 per minute 
to 48 per minute (Fig. 4 The ventricular 
omplexes initially inere ised in. size and be 
me regular. There wer no symptoms 

L.C.S 


LEAD 3 


ZATUCHNI: 


dosage was ine reased an 


lation Digitalis 
mere urials were administe red more frequent] 
to restore cardiac compensation 
the right 


sulted in an abrupt slowing of the ventricul 


Pressure upon carotid sinus re 
response to a regular rhythm at a rate of 35 


per minute | Fig. 5 
peared but the ORS complex remained 
the of the 


auricular complexes did not appear to b 


The R wave disay 


same duration. The frequency 
changed No symptoms appeared during Cal 
otid the left 
carotid sinus produced similat results 

CasE 7. J, Y., a 69-year old mal 
admitted to — the Episcopal Hi 
pital because of weakness chest pal 


ot he had 


sinus massage. Pressure upon 


white 


Was 


} weeks’ duration. Two years ago 


Fi t, Case 5. Continuous tracing, lead 3. Initially, there is auricular fibrillation at 
iwwerage ventricular rate of 135 per minute. Pressure upon the right carotid sinus prod 
no effect. Pressure upon the left carotid sinus (black line) results in an abrupt slowin 
the ventricular rate to 48 per minute The ventricular complexes are of increased. size 
regular in rhvthm during the initial phase of pressure upon the left carotid sinus 

Case 6. H. M., a 72-year old white male an acute myocardial infarction. Since t 
was admitted to the Episcopal Hospital be he has had occasional cough and_ short 
cause of heart failure, progressive in severity of breath on effort. One year ago, he was 
during the past 1’: years The blood pressure pitalized with heart failure. For the P 
was 190/110 mm. Hg. The heart was en- weeks, there has been vague chest dis 
larged to the left anterior axillary line. An fort on effort and rest. 
irregular rhythm was present at a ventricular Examination of the heart revealed the 
rate of 90 per minute. There was a slight of maximal impulse to be in the sixth i ter 
pulse deficit 4 Grade 1] precordial systolic costal space, 11 cm. to the left of the | 
murmur was audible The pulmonic second sternal line. The pulmonic second soun 
sound was louder than the aortic second louder than the aortic second sound 
sound, Cervical venous distention, pulmonary heart sounds were of decreased intensity. [bh 
congestion and marked edema of the lower rhythm was irregular at a rate of eT 
extremities were present minute. There was a slight pulse defi 

The initial electrocardiogram revealed a grade ] apical systolic murmur Was at le 
sinus rhythm, first degree heart block and The blood pressure was 180/100) mm I¢ 
occasional supraventricular beats Shortly Funduscopi: examination disclosed a 
after admission, he developed auricular fibril sclerosis. The cervical veins were tl 


ISH 


the left ape lobe. 
| ib le and 
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istended. Subcrepitant rales were present in 
The liver edge was pal- 
tender. Minimal peripheral edema 
vas present. An electrocardiogram revealed 
iicular fibrillation and ST-T changes con- 
stent with digitalis effect and myocardial 
Pressure upon the right carotid sinus re- 
ulted in an abrupt slowing of the ventricular 
rate from 70 per minute to 44 per minute 
The ventricular response became regular. The 
QRS complex remained of the same duration 
but changed in configuration from an Rs com- 
plex to an R wave of increased magnitude and 


TYP! 


without either (1) or The last 
type has been shown to be a dis- 
tinct entity and has been differentiated 
trom electro-encephalo- 
graphic study and other methods*7* 
There may be 


hy steria by 
other manifestations 
such as abnormalities in respiration or 
in ergee function of the gastrointestinal 
parable to those experienced spontan- 


. When symptoms occur com- 


eously, the carotid sinus svndrome. is 


said to be present!® 


Vi- RT. 
A 
0 


I Case 6. Continuous tracing, lead V, 


I 


age ventricular rate of 75 per minute. 
| lac k line 

rate of 35.7 

{f the same duration. The 


t [ waves became inverted. No symptoms 


eared during carotid sinus massage. Pres- 
upon the left 


lar results 


carotid sinus produced 


Discussion. Hyperactive carotid 
sivus reflexes are usually classified into 
three types: (1) cardio-inhibitory 
ty ve characterized by either an abrupt, 
si-nificant decrease in cardiac rate or 
cordiae standstill, interrupted, at times, 
iodal escape, (2) a vasomotor type 
\racterized by an abrupt, significant 
c) \p in blood pressure and (3) a cere- 
type characterized by symptoms 


Pressure 


auricular fibrillation at an 
right carotid sinus (arrow 


Initially, there is 
upon the 


results in an abrupt slowing of the ventricular response to a regular rhythm 
per minute and in a disappearance of the R wave 


, but the QRS complex 


auricular complexes appear unaltered in frequency. 


The carotid sinus syndrome is char- 
acterized symptomatic: ally by one or 
more of the following phenomena: 
syncope, weakness, convulsions. dizzi- 
ness, roaring in the head hyperventila- 
tion, abdominal pain, nausea, vomiting 
or diarrhea. The most characteristic 
and frequent attack is that associated 
with syncope. Common precipitating 
factors include sudden movement 
of the head, change body posture, 
straining and coughing. 

This must be 


svndrome differen- 


tiated from (1) non-reflex cardiac syn- 


an 
nt] 

Te 
ul 
5 
Sa] 
t! 
» |} 
left 
Hi 
h 

\ 
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Cope epilepsy, (3) postural hypo 

tension } Meniere's disease and 


other causes of syncope. The differen- 
tial diagnosis is usually quite simple. 
lhe carotid sinus syndrome is more 
frequently present in the male, in older 
individuals heart 
particularly y artery 
disease and hypertension**. The carotid 


and in those with 


disease coronary 
sinus reflex is frequently potentiated by 
digitalis! 
with auricular fibrilla- 
tion frequently have coronary artery 
hypertension or both. They, 
therefore, have the underlying cardiac 


Indiv iduals 
disease 


diseases that are most prone to be as- 
sociated with a hyperactive carotid 
sinus reflex. For this reason, we have 
wondered why the carotid sinus syn 
drome has not been considered in in 
dividuals with auricular fibrillation who 
have a history of repeated attacks of 
syncope. Perhaps this syndrome has 
not been considered in those with this 
arrhythmia because (1) carotid sinus 
converted rhythm 
in some individuals to auricular fibril- 
lation**, (2) experimental vagal stim- 
ulation has converted sinus tachycardia 
to auricular fibrillation! 
that is already 
individuals with auricular 
fibrillation and that the naturally vary- 
ing ventricular rate is an expression 
partly of the waxing and waning of 
vagal and (4) the belief 
that the hyperactive carotid sinus re- 
Hex is of highest incidence in those 
with normal or slightly decreased heart 
rates 


pressure has sinus 


(3) the as- 
sumption vagotonia 


present In 


The hyperactive carotid sinus reflex 
of the cardio-inhibitory type may be 
either (1) “exaggerated 
stimuli to the carotid sinus receptors, 


induced by 


the afferent nerves or the central syn- 
(2) an exag- 
gerated response of the heart to the ef- 
ferent arc. Direct vagal control of the 
heart in man involves principally the 
auric le S 


apse in the medulla. or 


The vagus nerve is thought 


ZATUCHNI: 


to have but slight direct influence over 
the ventricles. However, Linenthal has 
recently presented electrocardiographic 
observations indicating that the effect 
ot carotid sinus pressure In a 70-veai 
old man with coronary artery diseas: 
was either upon the intrinsic cardia: 
nerves to the auriculo-ventricular nod 
or directly upon the node!*. Petersor 
has also suggested a direct vagal con 
trol ot 

The 
appear to indicate that the predomi 


the ventricles!’ 


following observations would 
nant effect of carotid sinus pressure il 
our patients was upon the auriculo 
ventricular node: (1) 
fibrillation 


ventricular 


persistenc e ol 


auricular and abolition of 
the 


tence of 


response, (2) persis 


fibrillation and the 
development otf a slower but now re: 


auricular 


ventriculai auricular 
fibrillation and complete heart block 
disappearance of 


ular response 


(3) ventricula 
ectopic beats if the ventricular rate w 
significantly decreased, and the pers! 
tence of ventricular ectopic beats if tl 
ventricular rate was insignificantly d 
creased, and the 
of QRS complexes of 
ation at 


appearan 
normal ci 
but t 
rate in an individual wit 
complete left bundle branch block ot 
Y years duration 


regular intervals 


a slow er 


These observations 
confirm the suggestions of others that 
the intensity of the carotid 
flex is intimately related to the sensit 
ity of the end-organ':*°, 


sinus 1 


Frequent 
a history of the usual precipitating 
factors that initiate the carotid sinus 
syndrome cannot be elicited*'. Perhaps 
a sudden decrease in myocardial fu 
tion may be the trigger mechanism in 
these patients. 

It is important to recognize this s 
drome because it alarms the sufferer 


and vet does not have as seriou A 
prognosis as do the other types ol 
cardiac syncope. Furthermore, therapy 
may be effective in preventing re 


rent attacks. 
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We believe therapy should be di 
rected toward (1) increasing myocar 
dial efficiency and (2) blocking the 
reflex. arc somewhere its course. 
Although digitalis increases the sen- 
sitivity of the carotid sinus reflex, its 
salutary effect on cardiac efficiency far 
outweighs this undesirable effect) and 
it should, therefore, be used in optimal 
dosage, if indicated. Vagal blocking 
drugs are most useful in attempting to 
break the reflex arct® but are fre- 


10 


quently ineffective Finally, conver- 
sion to a normal sinus rhythm may be 
ittempted but in our hands, unfortu- 
nately, we have not been able, with 
quinidine sulfate, to establish sinus 
rhythm in the majority of these indi- 
viduals with advanced heart disease. 
Summary and Conclusions. |. A 
hyperactive carotid sinus reflex of the 
ardio-inhibitory type is described in 
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7 of 20 consecutive individuals with 
auricular fibrillation. 

2. In 3, each with a history of syn 
cope, ventricular standstill occurred. 
In the other 4, 2 of whom had a history 
of recurrent episodes of dizziness and 
lightheadedness, the ventricular re- 
sponse was abruptly and _ significantly 
slowed and became regular. 

3. The auricular complexes appeared 
to be unchanged in frequency. The 
QRS complex became larger in 2, an 
R wave was abolished in one, and, in 
another, the configuration of complete 
left bundle branch block of 9 years’ 
duration was transformed to that of 
normal conduction. 

The predominant effect of caro- 
tid sinus pressure in these individuals 
appears to be upon the auriculoventric 


ular node. 
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CORRELATION BETWEEN ACTIVE RHEUMATIC LESIONS IN THE 
LEFT AURICULAR APPENDAGE AND ELSEWHERE IN THE HEART 


By MARVIN KusSCHNER, \1.D 
ASSISTANT PROFESSOR IN PATHOLOGY AND ASSISTANT PATHOLOGIS1 


AND 


Levierr, M.D 
INTERN IN MEDICINI 


From the Department of Pathology and the First Medical Service, Columbia 
University Division, Bellevue Hospital New York, New York 


THE trequent occurrence of Aschoff heart) disease encountered in the routine 


necropsy material at Bellevue Hospital. Fiv: 


bodies in the left auricular appendages 
were Cases O mitral Stenosis upon whom con 


of patients subjected to mitral commis 
missurotomy had been performed and whe 


surotomy for mitral stenosis has been died following operation 


amply documented! se In the selec In all cases sections were taken from the 


tion of patients for operation, one’ of — tip of the left’ auricular appendage. In th 


post-« t sectior ot ndage 
the criteria used has been the absence ? 
taken at the time of Commissurotomy as wel 


of clinical evidence of rheumatic ac- as additional necropsy specimens were avail 


tivity The finding ot Aschofft bodies able The museum specimens had been pre 


had, therefore, been unexpected and — served in Kaiserling’s solution. These wer 


has given rise to questions as to its washed and refixed in Zenker’s solution. All 
TI tone of other specimens were fixed directly in Zenk 

> mo ort: ) se 
means ¢ er’s solution. Multiple sections of left ventri: 


relates to the significance of this ular wall, septum, auricle, involved valve 
morphologic evidence of activity with ind, in some cases, right ventricular wal 


respect to the patient's long time prog- ‘Wer available for study. All sections we 
nosis and its bearing on the ultimate embedded in paraffin in the usual fashior 
] f litti sectioned, and stained with hematoxylin ai 
success or failure of valve splitting pro- 


eosin 
cedures. This will only be answered Phe lesions assumed to be active were sul 
by longer post-operative periods of ob- endocardial or myocardial Aschoff bodi 
verrucous endocarditis of valves, and tl 


servation than are presently possible. 
: characteristic auriculitis of the posterior “ 


\ second question, however. one which 
of the left atrium 


perhaps bears some relation to the 

first, is whether the activity in the Results. The presence or absence 
auricular appendage is an_ isolated morphologic evidences of activity 
phenomenon or does it reflect activity the 40 cases together with some of the 
elsewhere in the heart. It is to this pertinent clinical data where availal 
latter problem that this study has been are listed in Table I. Although sor 
addressed. of the clinical data would seem to 


suggestive of activity in cases judged 


Materials and Methods. The hearts of 40 3 ee : , 
patients were available for study. Twenty of Clinically inactive, the influence 


these were museum specimens chosen and such factors as other intercurrent 


preserved for teaching purposes. These had fections on this judgment has not becn 
bee! ‘lected as cases demonstrating the 

indicated. The classification of cases 
characteristic gross pathologic changes of 
rheumatic heart disease. Fifteen represented as clinically active OF inactive was 
consecutive unselected cases of rheumatic pendent upon the final clinical 
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pression in which presumably all such 
factors were taken into consideration 
together with the total clinical picture. 
Since we have been unable to identify 
active lesions in thrombosed append- 
ages, the presence or absence of 
thrombi may well affect the incidence 
of lesions in this site and have, there- 
fore, been included in the chart. 

In 9 cases, Aschoft bodies were found 
in the left auricular appendage. In all 
of these, evidences of activity were 
found elsewhere in the heart in the 
form of ventricular myocardial Aschoff 
bodies, verrucous endocarditis of 
valves, auriculitis, or combinations of 
these three lesions. In 6 cases the ap- 
pendages were negative but active le- 
sions were found at other sites. Three 
of these negative appendages in active 
cases contained organized thrombi. 

Five of the 40 cases were considered 
ictive clinically and so designated in 
the final diagnosis prior to necropsy. 
Four had lesions in the left appendage 
is well as lesions in the ventricular 
mvocardium and valves. In the fifth, 
the appendage was thrombosed but 
there was a striking verrucous tricuspid 

ilvulitis 

The presence of thrombi in various 


iges of organization in the left auric- 
lar appendage appears to be closely 
elated to rhythmic abnormalities. Thus 
the 18 cases with thrombosed left 
ppendages, 17 had auricular fibrilla- 
m and one had auricular flutter. 
uur patients with fibrillation and one 
th auricular flutter were free of 
rombi. 
Comment. Cases in which commis- 
rotomy has been performed at Belle- 
e Hospital now number 28. Of these, 
have had Aschoff bodies in the 
psied left auricular appendage. This 
incidence is comparable to what 
been found in other reported 
es) Tt was this high incidence 
ictive lesions and the ease with 
ch they were found that led us to 


believe that the left auricular append- 
age might be a favored site for their 
formation. This does not seem to be 
borne out by the present necropsy 
series for in all cases in which Aschoff 
bodies were found in the left append- 
age, evidences of activity were found 
elsewhere in the heart and sites 
from which sections are ordinarily 
taken. The reverse is not true, how- 
ever, for in 6 cases the appendage was 
negative although verrucous endocar- 
ditis of valves was present in 4 and 
Aschoff bodies were found in the ven- 
tricular myocardium of the other 2. 
This experience would seem to indi- 
cate that the presence of active 
lesions in the left auricular appendage 
makes it very likely that active lesions 
may be expected elsewhere in the 
heart. The absence of lesions in the left 
appendage does not preclude the pos 
sibility of areas of activity at other 
sites. 

Pinniger’ has reported one case in 
which Aschoff bodies were found in 
the biopsied left appendage and_ in 
which subsequent necropsy revealed 
active auriculitis and ventricular 
mvocarditis. Ellis and associates*, how- 
ever, note that they have seen several 
cases in which necropsy failed to re- 
veal other active cardiac lesions al- 
though the biopsied left appendages 
had contained Aschoff bodies. 

In only 5 of the 35 clinically inactive 
cases were Aschoff bodies found in the 
left auricular appendage. This is a 
much lower incidence than that seen 
in appendages biopsied during mitral 
commissurotomy. It should be noted, 
however, that the necropsy cases, with 
the exception of the post-operative 
deaths, represent patients at the very 
end stage of the natural evolution of 
the disease. Perhaps even more signifi- 
cant is the fact that the age range in 
the necropsy series is much wider and 
includes many more older individuals 
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294 KUSCHNER, 
than do anv of the reported operative 
SeTies 

In the preceding discussion we have 
that 


or 


assumed verrucous endocarditis 


Aschofl 


rheumatic activity. There is 


of valves bodies are evi- 
dences of 
little question as to the significance of 
the former but some doubt as to the 
of the latter. In a group of 


typical 


meaning 


cases of rheumatic heart 


disease, there seems to be little point 


to arguing the specificity of Aschoft 


bodies. The important consideration 
would appear to be the recognition of 
the fact that the Aschoff body is an 


inflammatory reaction and one which, 
in healing, often leaves a residual scar 


he 


occurrence of such a lesion, then, 


must be included in any definition of 
pathologic activity. In general, the 
extent and frequency of Aschoff bodies 
has varied directly with the severity 


of the clinical manifestations of disease 
and in this series, with one exception, 
they trequent 
widespread both in the left appendage 
and 


were most and most 


in the remainder of the heart in 
those cases in which the unequivocal 
clinical diagnosis of active rheumatic 
heart disease was made. 

The presumption that Aschoff bodies 
are evidence of activity does not per- 
mit us to predict that patients with 
this lesion in the left. appendage will 
eventually should be 
inactive cases 
with positive left appendages, Aschoff 
bodies in other sites in the heart were 
usually 


do poorly. It 
noted that in clinically 


few in number. As Pinniger® 
has pointed out, we do not as _ vet 


the Aschoff body, a 
lesion of the interstitial connective tis- 


understand how 


sue, affects myocardial function. 
Verrucous valvulitis would seem to 

be more serious in its prognostic im- 

plications and was found in 6 of the 


The 
Glahn for making available 
Ne W York 


authors wish to 
to them the 
College 


ACKNOWLEDCMENT 


of Medicine 


University 


LEVIEFF: 


express 
museum material from the 


rIVE RHEUMATIC. 1 LESIONS 
Q cases with active lesions in the 


left auricular appendage and in 4 
of the 6 active cases without append 
ageal lesions. In no instance, however, 
could we identify active endocarditis 
superimposed on a scarred or calcified 


This 


lesion was found in valves which were 


severely deformed mitral valve. 
the site of lesser degrees of old damage 
or showed no evidences of earlier in 
volvement. 

As indicated above, the presence o1 
the left 


ular appendage seemed to be depen 


absence of thrombi in auric 
dent upon abnormalities of rhythm and 
in particular upon auricular fibrillation 
Aschofl 


activity 


Employing the presence of 
bodies as the sole criterion of 
in this location, we were unable to 
demonstrate activity in the appendag: 
While it is true that 


the non-specific infiltration of lympho 


beneath thrombi 


evtes and mononuclear cells beneath 
an organized or organizing thrombus 


mav confuse the picture, it is note 
that of the 18 
thrombi, only 4 showed 


worthy cases 
evidences of 
activity anvwhere in the heart and 14 
inactive 


In 40 


examined at necropsy, 9 left auricular 


were totally 

Summary. rheumatic hearts 
appendages contained subendocardial 
Aschoff bodies. All of these 9 cases had 
active lesions in other locations in th« 
Six of the 40 hearts had evi 


activity in other 


heart. 
dences_ of areas 
though the left auricular appendages 
were inactive. The presence of rh 
matic activity in the left appenda 
would seem to indicate that lesions ar 
very likely to be present elsewhere in 
the heart. The Ascholt 
bodies in the left appendage does ot 


absence of 


+ 


preclude the possibility of activity 


other sites in the heart. 


Dr. W. ( 
teaching collection o 


their indebtedness to 
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HYDROCORTISONE 


By G. M. C 


RANCESCO DEI 


41. C. CORCORAN 


EFFECTS OF RENIN IN RATS PRETREATED WITH 
AND SOMATOTROPHIN 


\l ASSON, Ph 


Greco, M.D 


\I.D 


AND 


IRVINE H, 

the Research Division of the ¢ 
| Bunts | ducational 
SUBCUTANEOUS administration of a 
kidney extract containing renin to uni 
nephrectomized rats pretreated with 
desoxvcorticosterone acetate DCA 
and salt (1% NaCl as drinking fluid 
precipitates an eclampsia-like syndrome 
with massive edema, oliguria, hyper 
tension, nervous symptoms and death’. 
At necropsy, these animals demonstrat 


widespread visceral hemorrhages and 


severe acute renal and extrarenal vas 
cular lesions‘ Under identical condi 
tions, cortisone sensitizes to a symp 


tomatically similar effect of renin: this 
condition differs quantitatively from 
that due to DCA in that hemorrhages 
are le ss severe and lesions ot splanchnic 
Thus, 2 svn 
different, 


rec iprocal 


vessels are more intense‘ 


thetic 


steroids with and in 


re spects properties 
are alike in that they sensitize to a vas 
culotoxic property of renin. 

therefore, of interest to de 
termine whether or not hydrocortisone, 
which is cortisone-like and which is a 
major constituent of 


It was 


natural adrenal 
cortical secretions, would also have this 
property Further, somatotrophin is be 
lieved to stimulate liberation of desoxv- 
corticosterone-like compounds from the 
that pretreatment 


adrenals®, so with 


investigation was supported by a grant from the 


Institutes of Health 
Post-Doctorate 


Public 


| llow 


Health Servic 
Public Health 


veland Clini 
Institute, Cleveland, Ohi 


Service 


Pace, M.D 


1 
Foundat I the kranhk 


this substance should have the effect 
of DCA. The present report deals with 
the effects of hvdrocortisone and soma 
totrophin pre treatment on the reaction 


to subcutaneous 


rebiit 

Procedure. General « erimental condition 
were the same " t! e in prior studies o1 
DCA and. cortison The rats were f 

ile uninephrecto iveraged ibout 
120 om. bodv weight. were fed Purina { 
how and given ] Nal is drinkir fluid 

The ! ing t its how 
n Table ] Ty were given hydr 
= 
one somatotrophin ind one rer 
ilone while mnnother ‘ ed as absolute cor 
trol The longer inter f pretreatment an 
larger renin dose used Group IL stemm« 
tte npt to nducee the postre! 
edema observed wit DCA and cortisone b 
unexpectedly t ( roup | Somatott 
phin und renin-control seric were similar] 
treated with the of inducing maxim 
effects 

Hydrocortisone etate Hydrocort 
Merck, saling suspensio1 was given in sil 
daily subcutanec ul a ( of 95 Son 
totrophin suspension v prepared from 


powder by mixing it 


taining 1% NaCl and 10% etl ol. This 
pension Was prepare | ( niweekly ind VM 
k pt at 4° C; it was injec ted in 2 daily dos 


0.2 cc. which corresponded to 12.5 um 


of stated activity 


Arterial pressures were mi isured regula 


during 


pretre itment periods in inimals 


National Heart 


Institute, Nati 
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Groups I, IV and VI by the objective tail blue (H and E), periodic acid-fuchsin 
nethod of del Greco et al.2. On the last day (PAS), trichrome and phosphotungstic acid 
4 this period, the animals were placed in hematoxylin (PTA). 

ism cages for study of the effect of 
enin on fluid balance Results. FUNCTIONAL. As_ expected 
The renin was that used in prior studies*; 1) drocortisone suppressed and somato- 
had a potency of 56 Goldblatt dog units ‘ f Table 2 
cr ce. It. was given in 2 daily doses of 0.25. trophin accelerated growth (Table 2). 


3 days in Group I and in 3 Hydrocortisone increased the means of 


PABLE 1. TREATMENT AND URINE FLOW TN VARIOUS GROUPS 


Pretreatment Renin 
Vo. of daily dose Urine flow in 
animals Nature Days mn cc, per hrs 
| 10 Hydrecortisone 0.5 96 
15 202 
I] Hydrocortisone 26 1.5 95 
260 
Somatotrophin 26 32 
ret) 
\ 0 Hy 13 
72 


PABLE 20 FUNCTIONAL AND CHEMICAL EFFECTS OF RENIN IN RATS PRETREATED 
WITH HYDROCORTISONE OR SOMATOTROPHIN 


Serum 
rerght Serum Serum urea 
Hemoglobin hlorides sodium nitrogen 
Fy mEq / mEq mg. 
SS ST Tb 2 14 7 SS 100 28 50 
Renin 
Son ttotrophin 192 200 109 128 $5 
169 205 162 220 12.4-15.2 108 114 124 5-140 28 3-505 
Renin 
No Pretreatment 10 155 Is 4 110 127 32 4 
160 122 168 148 Tis 128 5 1S) 25 407 
Renu 
defore (A) and after (2?) renin treatment 
Determination on pron led sumples 
loses of 0.5 ce. each for 3 days in blood pressures; the values observed in 
the last prerenin days were 164 
rie OF a groups were sacrihces ~ 
the 4th dav after the start of renin treat. (range 115 to 180) in Group |, and 


in test groups; animals of Groups II, 167 (range 135 to 182) in Group IV; 
ind Vo were exsanguinated under ether the control showed a mean of 137 mm. 
blood obtained for chemical analysis Hg (range 120 to 148). 


nimals were necropsied and_ tis- 
ved in Zenker’s fluid; the tissues selected . : | | 
tudy were then weighed. sectioned and ‘terms of urine flow and a yrupt changes 


ed with hematoxylin-eosin-methylene in body weight. In the prerenin periods, 


ct 
h 
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neither hydrocortisone nor somatotro- 


phin altered urine flow. Subsequent ad- 
ministration of renin progressively in- 
creased urine flow in all treated groups 
(Table | Animals pretreated with 
cortisone or DCA show sharp gains of 


body weight and edema during the 


period of renin administration®*; in 


contrast, such occurred only in one 


animal of Group Il and in none of 
either Group I or Group Ill. In further 
the DCA-renin 


neither hydrocortisone plus renin nor 


contrast to studies. 


somatotrophin plus renin caused in- 
creases in the serum concentrations of 


PAGE: 
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orrhages, 5 accumulations of pleural 
and/or ascitic fluid and 1 intussuscep- 
tion; there was no gross distinction in 
the severity of these lesions as between 
Groups | and II. 

Organ weights were measured in ani 
mals of Groups II, II and V and are 
summarized in Table 3. As expected, 
hydrocortisone or hydrocortisone plus 
renin caused atrophy of thymus, spleen 
and adrenals, whereas somatotrophin 
neither decreased nor increased meas 
The thymie and 
adrenal responses to somatotrophin in 


ured organ weights. 


dicate that its effect on the adrenals is 


rABLI MORPHOLOGIC EFFECTS OF RENIN IN RATS PRETREATED WITH 
HYDROCORTISONE OR SOMATOTROPHIN 
G treatmer Thymu Spleen Kidney Heart idrenal 
Il Hydrocortisone x 240 830 360 14 
100-450 520-1430 190-470 11-18 
Re nin 
Somatotrophin 188 750 790 370 38 
159 324 120-1290 500-1820 270- 640 26-68 
Renin 
\ No Pretreatment 1238 640 620 290 a? 
91-154 5380-770 590-670 820 20-25 
Renin 
All organ weights are in mg. expressed in percentage of body weight 
Atrophic, not measurable 


Na or Cl or resulted in severe azotemia 
(Table 2 


renin nor renin alone decreased serum 


Neither somatotrophin plus 


K concentration which in these Groups 
II] and \ 

liter 
Renin 


averaged 4.1 mEq. per 


elicited no severe constitu- 
tional symptoms in animals of Groups 
f and III; 3 animals of Group II died 
during renin administration; 2 of these 
were cachectic (body weight losses of 
50 om.) and succumbed to massive 
lung abscesses: the other was the ani- 
mal in which renin elicited a gain in 
weight from 95 to 145 gm. 
\lorPHOLOGICAL. A. Gross. Two ani- 
mals given hydrocortisone alone show- 
ed small lung abscesses. Among the 18 
given renin, § 


hydrocortisone plus 


showed lung abscesses, 14 visceral hem- 


not associated with hypersecretion of 
1 1-oxy-corticosteroids. 

B. Microscopic The lesions provok 
ed by hydrocortisone alone or by som 
totrophin plus renin were limited to th: 
kidney and were unimpressive. Hydro 
cortisone caused the appearance of f 
cal hyaline droplets in cells of scattere 
glomerular tufts and of minor irreg: 
larities in basement membrane. stru 
ture: cortisone elicits similar lesions 
The somatotrophin plus renin tre: 
ment caused only the hypertrophy 
nephrons and irregular intensificati 
of basement membrane structure whi 
would be expected from somatotrop! 
alone (Fig. 1). 

The lesions elicited by giving re 


to hyvdrocortisone-pretreated rats 
respond to those obtained with cor 
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l Nephron hypertrophy with intensification of membrane outline in a rat given soma- 
totrophin plus renin (PAS x 145). 


2. — Renal effects of hydrocortisone plus renin: irregularly distributed glomerular degen- 
tion, cast formation with tubular atrophy and dilatation and (arrow) arteriolar hyalinization 
(PAS x 100), 


3 (H and E x 110) and 4 (PAS x 620). — Myocardial lesions due to hydrocortisone 
renin. Dilatation of terminal vessels with perivascular hyaline infiltrate and necrosis of 
involved myocardial fibers. 


‘al 
ii 
| 
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sone and renin’. They manifested them 
selves in kidneys, heart and the intes- 
tinal tract. The renal lesions involved 
glomeruli, tubules and arterial vessels; 
the glomeruli showed irregularly dis- 


PAGE: 
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tributed hyaline degeneration, atrophy 
and swelling of basement membranes 
and thrombosis; the 
tubules were diffusely dilated, atrophic 


filled 


focal capillary 


and with granular hyaline ce 


i. 8 
and loss of folding of elastica 
fibrinoid deposits (PTA 500 ): 


of medial degeneration with (7 


Figs. 5, 6 


(stomach, 


Arteriolar effects of hydrocortisone plus renin: Fig. 5 
PAS 
Figs. 7 and 8 (mesentery, H and | 150 


necrosis and (8) vacuolization and 


medial hvalinizat 
525): Fig. 6, intimal extrusion of me« 
represent sta 


Ti le ir Swe lling 


irregularity. 


AS 
os 
pt 
4, . 
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posits. The small renal arteries exhib- showed marked vacuolization of the 

ited medial hyalinization (Fig. 2). media, distortion and degeneration of 
; Similar hyalinization occurred in larger muscle fibers and their nuclei (Figs. 
( 


myocardial arterioles while what seem- 
ed to be their terminal segments were 
dilated 


rounded 


these dilated vessels were sur- 


by an amorphous deposit 
suffused between the 
the affected muscle 
came degenerate and necrotic (Figs. 3 


and 4 


which muscle 


fibers: fibers be- 


The small intestinal arteries 


7 and 8) and, unexpectedly, adventitial 
cuffing which consisted of fibroblastic 
proliferation and occasionally of lym- 
phocytic infiltration (Figs. 9 and 10). 
As in the heart, terminal vessels in the 
intestinal mucosa were dilated and in- 
volved in amorphous deposits, hemor- 
rhage and necrosis. The musculature 


(PAS, mesentery, respectively 


nd large arterioles were severely af- 
ected by medial  hvyalinization, 
iown by the PAS stain, and by medial 
brinoid deposits (Figs. 5 and 6Y. The 
tter, with the phosphotungstic stain, 
ppeared as blue streaks against the 
ickground of orange media; the 
istica of these vessels was stretched, 
id the intima of some distorted by 
bintimal accumulations of what 
emed to be extruded medial fibrinoid; 
e endothelium over and near these 
posits appeared swollen. Mesenteric 
ssels were similarly affected; some 


as 


fibroblastic cuffing due to hydrocortisone | 


100 and « 525) Medial hyalinization with 
renin. 


of the intestine in the region of these 
diseased vessels showed, in some sec- 
tions, ill-defined dark bluish streaks 
which probably represent dispersed 
nuclear material and an initial phase 
of muscle fiber necrosis. 

Discussion. The above experiments 
add another to the group of states such 
as nephrectomy’, pretreatment with 
DCA® or cortisone’, which sensitize to 
the action of renin and result in ful- 
minant vascular lesions. In all of these, 
administration of excess sodium is a 
basic conditioning factor. Subcutan- 


Wel 
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eously administered renin, which is 
relatively harmless in normal dogs o1 
rats, becomes severely injurious in sen- 
Since the 


evident 


sitized animals. 
effects of 
dogs with total or subtotal renal in- 


ang1otoxic 
renin are only in 
sufficiency, and since the svndrome 
elicited by DCA plus renin involves a 
state of oliguria and renal failure, it 
that 
sensitizing 


would seem another 


This, 


the disease 


uremia Is 
important tactor. 
however, is not the case: 
elicited by the combination hydrocor- 
tisone renin is not associated with 
uremia or oliguria. The acute fluid re 
tention noted in the DCA or cortisone 
treated rats injected with renin is not 
essential to the development of the 
lesions since edema was rarely seen 
in the experi 
ment, while lesions were present in all 
the animals. 


hvdrocortisone-renin 


The mode of action of the basic sen- 
(adrenal and 
salt) is obscure; presumably these fac- 


sitizing factors steroids 


tors are associated with abnormalities 
in the distribution of sodium in tissues. 
It seems likely 
ioles maintained in a state of sodium 


that arteries and arter- 


repletion become sensitized to vascular 
damage incident to the action of renin. 
This hypothesis presupposes interplay 
of the effects of renin and sodium ion. 
Such an interplay is illustrated in the 


> 


2 tollowing observations: (a) renin 


diuresis is enhanced by administration 
ot isotonic saline', and (b) the syn- 
drome which results from cortisone 

renin + salt, is absent if isotonic saline 
is replaced by distilled water at the 
time of Thus, the 
experiments point towards the possi- 
bility that renal and adrenal factors 


in the presence of salt can operate to 


renin injections‘. 
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gether in the genesis of several forms 


of tulminant vascular disease 


Among other observations is the 
fibroblastic vascular cuffing which oc 
curred around degenerating arterioles 
in rats treated with hydrocortisone; a 
similar phenomenon has also” been 
treated 


IS of 


described rats with corti 
salt!’. It 


cause it contrasts with the prompt res 


sone and interest, be 


olution of inflammatory perivascular 


exudates caused by these steroids in 
rats with experimental DCA hype 
tensive disease’. 

Lastly, failure to elicit an eclampsia 
like state in rats given somatotrophin 
and renin indicates that somatotrophin 
does not under these conditions elicit 
an outpouring of desoxycorticosterone 
like adrenal steroids comparable to that 
obtained from subcutaneously — im 
planted DCA pellets 

Summary. |. Acute vascular lesions 
resembling those of fulminant malig 
nant hypertension are elicited by sub 
rats 


cutaneous injections of renin in 


pretreated with hydrocortisone and 
salt. 

2. This state differs from that of rats 
sensitized to renin by desoxycorti 
costerone or cortisone pretreatment in) 
that edema is not a common manifesta 
tion. 

3. Somatotrophin pretreatment dic 
not have the renin-sensitizing effect o! 
desoxvcorticosterone, cortisone or hy 
drocortisone. 

These observations suggest 
lationship between induced abnorma 
ities of sodium distribution, presumab! 
intracellular, and the susceptibility « 
vessels to a necrotizing effect of tl 


subcutaneously injected renin. 


E. C. Vonder Heide, Parke-Davis and ( 


tor generous supplies of somatotrophin and to Dr. Elmer Alpert, Merck and Co., for hyd 


cortusone 


Our thanks to Mr. Thomas J. Lannon, Cleveland Clinic, 
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EFFECT OF ACTH ON THE EOSINOPHIL COUNT IN PERIPHERAL 
BLOOD AND BONE MARROW® 


By SAMUEL W 


Roor, 


CLINICIAN, MEDICAL DIVISION 
OAK RIDGE INSTITUTE OF NUCLEAR STUDIES 
AND 
Goutp A. ANpREws, M.D. 
CHIEF CLINICIAN, MEDICAL DIVISION 
OAK RIDGE INSTITUTE OF NUCLEAR STUDIES 
With the techni il issistance 


Eva HopcENs 


From the Medical Division of the 


Ir has been shown repeatedly that 
the administration of ACTH or of cor 
tisone may produce a decrease in the 
circulating eosinophils. It has not been 
shown how this decrease is brought 
about 
isms which might be 

1) destruction of the peripheral eosin 


ophils, (2 


Some of the possible mechan- 
involved are: 
a decreased rate of release 
of the eosinophils from the bone mar 
row, (3) a decreased rate of matura 
tion of the marrow eosinophils, or (4) 
sequestration of circulating eosinophils 
in the liver, spleen, bone marrow, or 
other tissues. 

If the maturation rate of eosinophils 
is decreased, or their release from the 
bone marrow is interfered with, or they 
the 
should be possible to show a change in 


are sequestered in marrow, it 
the number of marrow eosinophils fol- 
lowing the administration of ACTH 
or cortisone. 

Since the eosinopenia in the periph- 
eral blood occurs very rapidly, one 
might expect an equally rapid altera- 
tion in the cytology of the bone mar- 
row, if this were the primary site of 


Oak Ridge 
Oak Ridge, 


Institute of Nuclear 


Pennessee 


the essential change in the rate of 
eosinophil formation or removal. 

The present study was done to com 
pare the immediate effect of ACTH on 
the marrow with that on peripheral 


blo 


Method. Twelve patients wer studi 
who had eosinophils In the blood Tandl 
trom 3.00% to 16.7 The eosinophil count 


were performed weording to Randolp! 
methods’. These counts were made by dil 
ing pe riphe ral blood with Randolph's fli 
and counting LOOO white blood cells in 
standard counting chamber. The  absol 


number of eosinophils was obtained by 
tiplying the per cent of eosinophils by 
total cell 
preparation All the 


white count obtained on the sa 


p ihients exces pt one 
The 


with eosinoph 


some form of malignant neoplasm 
exce ption was a patient 
granuloma of bone. Of those with neoplas 


Was no evice 


there mce of widespread 
patient who 

marrow 
Clinical evide 


of allergy was not present, although som: 


involvement except In one 
Cellular 
were obtained in all 


Ewing's tumor specim 


Cases 


the patients had an eosinophilia believes 


be due to reaction to neoplasm 


The ACTH was given by both the ir 
muscular and intravenous routes. Five 
tients were given 25 mg. of ACTH ir 
muscularly. Bone marrow aspirations | 1 


Study made possible under contract with the United States Atomic Energy Commiss 
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either the sternum or iliac crest were done average percentage decrease as deter- 
mediately before and 4 hours after the ined bv differential counts of the 
ACTH Pe ripheral blood specimens were ob- 


tained just prior to the injection and at hourly Staine d blood films was 60%. There was 
total of 5. In 7 patients the 


intravenously, 25 


ntervals to a 
ACTH viven 
LOOO ot 5% 


a greater percentage decrease in blood 


was mg. in eosinophils after the intravenous ACTH 


glucose and water in a slow 


rip extending over an interval of 7 hours. (83% ) than after the intramuscular 
Bone marrow aspirations were done just be ACTH (55%). It was thought justifi- 

re and immediately following the infusion. able, however, to group the cases to- 


Peripheral blood specimens were obtained be- 

and at well as at 
marrow cells 
stained with Wright's 
tain and 1000 cells counted before and afte1 
ACTH. Since we believe 
absolute cell counts cannot be 


gether. There was no consistent change 
in the marrow eosinophils immediately 
following ACTH: in fact, the total 
number before and after ACTH was 
Furthermore, 


intervals, as 
Differential counts of 


2 hour 
the end 


were made on films 


the administration of 


remarkably — constant. 


it accurate 


btained from aspirated marrow specimens there was no significant change in the 
rABLE 8. PERIPHERAL BLOOD CELLS* PER MM® BEFORE AND AFTER 
ACTH AVERAGES OF 12 PATIENTS 
Before ACTH ifter ACTH Per Cent 
( hange of 
frerage Range {rerag Range lrerage 
Band Neutrophils 294 0- 1680 330 0 2424 +32; 
Segmented Neutrophils $488 $145. 7560 6175 + 27% 
Kosinophils 565 77-1241 224 38-364 60°, 
96 ** 226-1595 187 * 0-578 69°, ** 
Basophils 60 0-231 54 (0-122 11”; 
Monocytes 659 178-1289 154 198-1027 31% 
Lymphocytes 1395 351-2770 1008 365-2519 


All values except chamber eosinophil counts were derived from differential 
counts of blood films, and simultaneous total white cell determinations. 


** Chamber counts 


from 100°, to 16‘ 


iuse of varying dilutions with blood) the 
»w cells are reported as numbers of each 
cell type per 1000 cells counted. All marrows 


wel cellular and the areas counted were 
sel d to contain the least amount of dilu- 
tion by peripheral blood. In addition to the 
h ver eosinophil determinations, routine 
liffe:ential counts on 200 peripheral blood 


ells were done, utilizing films stained with 
Wricht’s stain. The absolute number of each 
was obtained by multiplying the 
percentage by the total white cell blood count. 


pe 


Results. Examination of the data 
se tables 1-4) shows the expected 
decr-ase in peripheral blood  eosin- 
oph:'s following ACTH. There was an 
aver ze percentage decrease of 69% as 


dete: mined by chamber counts on 
bloc specimens obtained at the same 
time as the marrow specimens. The 


The percentage decrease in eosinophils after \( ‘TH ranged 
In only 2 patients was this less than a 50°, 


decrease 


number of marrow eosinophils in their 
various stages of development, or evi- 
dence of degenerating forms. A com- 
parison of the averages of the other 
marrow cells, before and after ACTH, 
likewise revealed little change. 
Discussion. The present study was 
limited to the immediate effects of 
ACTH, and different results might be 
noted after prolonged administration. 
The fact that there was no significant 
change in the number of marrow eosin- 
ophils in their various stages of devel- 
opment suggests that there was no im- 
mediate interference with their rate 
of maturation. The possibility of des- 
truction or of sequestration of the circu- 
lating eosinophils in some organ or tis- 


ROOT, 


sue remains. Evidence for the storage of 
eosinophils, yey irily at least, in the 
liver, spleen, o r lymph nodes following 
the injection of adrenalin or cortisone 
is available in 

There are several reports of studies 
of the effects of ACTH and of cortisone 
upon the bone marrow in the human 

In most of these the intervals 
between initial the 
drug and bone marrow aspiration are 


being. 
administration of 


TABLE 4 BONE MARROW 
Vean 
Cell Type Sefore ACTH 
M veloblasts 15 
Promyveloc vtes 13.5 
Myeloc ytes 104 4 
Metamye loeytes 112 7) 2 
Neutrophils Band 147 3] 
Neutrophils Segmented 123 £236 
Eosinophilic M veloc vtes 17.3 11.7 
Eosinophilic Metamyeloc 16.1 
Eosinophils Band 16.1 7.5 
Eosinophils Segmented 20.4 7.8 
Basophils 2.7 2 
Erythroblasts 5.8 3.3 
Early Normoblasts 30 17.3 
Intermediate Normoblasts 97.8 (+24.6 
Late Normoblasts 173 50.9 
Megakaryocyte s 1.5(+ 1.4 
ytes 19 = 9.5 
Lymphocytes 33 t 15 
Plasma Cells 13.1 6.6 
Large Primitive Cells 20.3 7 


Small Unidentified Cells 


longer than those in the present study. 
Godlowski® showed that in man there 
not any significant change in the 
number of eosinophils in the marrow 
following administration of insulin or 
adrenalin although there was a definite 
drop in those in the blood. He counted 
only mature and young eosinophils in 
the marrow and compared these with 
the number in the circulating blood. It 
has been shown that the « eosinopenia 
produced by epinephrine may be in- 
dependent of adrenal stimulation, 
hence, one cannot conclude from these 
studies that the effects would be the 


Was 


ANDREWS, 


HODGENS: 


after ACTH. Rosenthal 


‘8 obtained similar evidence by 


same an 
others 
following peripheral blood and_ bon 
marrow eosinophil counts on patient 
who had received cortisone or ACTH 


for a 2 to 12-day period. They found 
the percentage of th 
eosinophilic cell count in the bone mar 
in relation to the nucleated cell 


ACTH 


no change in 


row 
and concluded that cortisone or 


increases the rate of removal of eosin 
CELLS PER 1,000 s.D 

Standar 

error 

Diffs nee lifferer 

Vea hetu n hetwes 

ACTH near mean 

0.6 (+ 0.5 9 4 

108 +46 0 15 8 

L105 $25.6 + 9.4 

141 37.2 6 16.4 

116 7 11.8 

20005 +144 5.4 

16.8 (+11.1 7 + 

14.4(+ 7.8 1.7 32 
19.5 8.2 

0.8 

6.9 3.3 19 1 4 
15 6 5 6 
106.7 11.3 11 
159 37 14 16 
1.1 l 0 
SS 18 ) 
14.2 6.2 | 2 
22 2 


ophils from the blood without affecting 
their production by the bone marrow 
On the other hand, the studies on the 
bone marrow and peripheral blood ot 
patients with Hodgkin's disease treat- 
Straus et al 
showed an increase of both mature and 


ed with cortisone, by 


immature marrow eosinophils on the 


seventh and fourteenth of treat- 
ment. 

The presence of an unchanged nun- 
ber of mature eosinophils in the mar- 


after 


day 


( ncl- 


row immediately ACTH, 
dent with the maximum depression ot 
the blood eosinophils, as shown our 


ee 34.0 (+10 99.3 (+14.7 + 5.8 5 


ATIC 
ent 
th 
Mal 
‘ell 
‘TH 


EFFECT OF ACTH ON 


cases, suggests that whatever the mech- 


inism of removal may be, it is not 
issociated with an early rapid mobil- 
zation of the eosinophils from the mar- 
row. Thus, it is not comparable to the 
situation sometimes seen when an over- 
whelming infection calls out all avail- 
ible neutrophils and depletes the mar- 
row of mature forms. 

It seems unlikely that the blood 
eosinopenia can be explained by a ces- 
sation of maturation of marrow eosin- 
ophils associated with continued re- 
moval from the blood at a normal rate. 
lf this were true, it would require a 
turnover of more than half of the eosin- 
ophils in the blood in less than 8 hours. 
(he tact that normal appearing marrow 
cantante 2 are present in all stages of 
development during early ACTH blood 
cosinopenia is against the concept. of 
inhibition of maturation. Our data as 
presented here show no reciprocal re- 
lationship between the circulating and 
marrow eosinophils and no evidence 

phagocytosed or degenerating eosin- 
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ophils in the marrow. This is further 
evidence that the bone marrow is not 
the site wherein eosinophils are se- 
questered or held captive following 
ACTH. 

Available evidence from animal and 
human experiments indicates then, that 
the bone marrow is not chiefly respon- 
sible for the eosinopenic response pro- 
duced by ACTH, either through rapid 
inhibition of maturation of eosinophils 
or failure to release mature eosinophils 
into the circulating blood. Sequestra- 
tion in some other reticulo-endothelial 
tissue is a more probable explanation 
for their rapid disappearance. 

Summary. Studies of the blood and 
bone marrow showed that the immedi- 
ate eosinopenic response to ACTH was 
not associated with morphologic evi- 
dence of disturbed maturation of the 
eosinophils. Neither was there evi- 
dence of depletion of mature forms by 
rapid removal or of destruction of the 
cells in the marrow. 
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MEDICAL 


By 


ASSOCIATE PROFESSOR OF 


MONTREAI 


Tue kidney alterations responsible for 
the clinical phenomena of acute renal 
failure have been the subject of many 
studies and reports during the past 
decade. The pathogenesis of the con 
at best de- 
It is a disease of many aliases, 


dition remains obscure, or 
batable 
and none of its currently popular names 
is entirely acceptable. Some, such as 


“lower nephron nephrosis’**:! and 
acute tubular necrosis’** are inac 
curately des¢ riptive of the renal lesion. 
“Gestation nephrosis “hemoglo 
binuric nephrosis’!! and “crush 
kidney have the disadvantage of 
being too restrictive, since all these 


conditions share morphological and 


functional characteristics. Other names. 


] 


such as “renal anoxic syndrome”!!! 


“tubulovascular renal syndrome”™!!!. 


and “vasomotor nephrosis”*? are unac- 


ceptable because they imply patho 
genetic mechanisms not vet established. 
and role debatable. 


Other less familiar names are given in 


whose remains 


(310 ) 
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ACUTE NEPHROSIS: 
PTHE KIDNEY OF ACUTE RENAL FAILURE 


DOUGLAS \\ AUGH, 
PATHOLOGY 


SCIENCE 


M.D., M.Sc.. Ph.D 


McGILL UNIVERSI 


ry 


CANADA 
Zollinger’s recent review!'™, to which 
he the jarring expression 
glaucoma” ( Nierenglaukome ) 

It is proposed here that the condi 
tion is most suitably and accurately dé 


adds “renal 


scribed by Minami’s term “acute ne 


phrosis’'*!. The constant, and probably 
basic, lesion in all cases of acute renal 
failure is a degenerative change in the 
epithelium of the renal tubules. For 
precisely the term 
nephrosis was originally introduced by 


F. Muller 1905'24. When used in 


this sense the term has both precision 


such conditions 


in 


and brevity. “Acute nephrosis” has the 
further advantage of historical priority 
over most of the other names for the 
The } 


mary object of the present review is 


kidney of acute renal failure. 


to outline the extent and character ot 
the kidney lesions of acute renal fai 
and to indicate the principal concepts 
of their pathogenesis. 

Historical Review. Renal damage «s 
sociated with hemoglobinuria was 


PATHOLOGY 


scribed during the 19th century by 
Ponfick!™® in cases of blackwater fever. 
In 1903, Plehn'®> ascribed the anuria 

blackwater fever to nervous inhibi- 
tion, but commented on focal epithelial 
loss in the nephrons as indicating a 
tubulovascular com- 

Also in blackwater fever, 
described dilatation of renal 


possible area of 


munication 
de Haan* 
tubules, 
tion, 


interstitial edema and _ infiltra- 
cloudy fragmenta- 
tion of epithelium, and identified hemo- 
globin casts in convoluted tubules. De 
Haan attributed anuria to the combin- 
ed effects of filtration 
sure consequent to blood pressure fall, 


swelling and 


lowered pres- 


and to tubule blockage by hemoglobin 
casts. Similar changes were noted by 
Wernet who referred also to thera- 
peutic renal decapsulation. Experi 


mental hemoglobinuric nephrosis was 
reported in 1911'** in rabbits injected 
with hemoglobin solutions during hypo- 
tension 

Fatal resulting from 
crushing injury was reported by Hack- 
idt in 1917%2, and later by Bredauer?” 
nd Minami!*'. These 
n attributing the degeneration — of 
tubules to metabolites re- 
eased from crushed musculature, 


renal damage 


authors agreed 
renal toxic 
act- 
ng either directly on tubule epithe- 
through the induction of 
These early 
interest in that they 
many problems patho- 
nesis which are still the subject of 


o7 


tudies are of 
nticipate 


and debate. 
Clinical Background of Acute Ne- 
osis. Acute renal failure apparently 
v be reached by a variety of clinical 
Although the number of 
cal states preceding renal damage 
low very great, it is customary to 
group them into general classes sharing 
common features. Such simplification 
t of course recognize a broad over- 
between groups. Phenomena such 
shock and dehydration 
ommon in all the groups ‘of clini- 


vestigation 


prolonged 


AND 


BACTERIOLOGY 


cal states listed below, and may pos- 
sibly be the pathogenetic link between 
them. 
Kimmelstiel”® 
designation 


under the 
“acute hematogenous inter- 
stitial nephritis’, 
with infectious diseases, 
septicemia, blood transfusion and liver 
damage. Fishberg"’ expanded _ this 
group of etiological conditions to in- 
clude blackwater fever, eclampsia, 
paroxysmal hemoglobinemia, and_poi- 


collected, 


cases of renal damage 
associated 


soning by potassium chlorate or mush- 

This 
renal 
initiating tactors!"! 


rooms. tendency to equate a 
with a variety of 


led to the descrip- 


single lesion 


tion of the “disease” lower nephron 
nephrosis by Lucké in 1946", The 
growing list of antecedent clinical 


phenomena was divided into 5 main 
vy Darmady* 
These included renal failure following 
(1) shock, (2) disturbances of electro- 
lyte and water balance, 
of pigment 


groups in a review by 


(3) disorders 

(4) allergy, 
and (5) chemical nephrotoxins. A simi- 
lar subdivision will be employed here. 


metabolism, 


BLOOD DESTRUCTION. Oliguria or 
anuria associated with degenerative 
changes in renal tubules and heme 


pigment accumulation have been re- 
ported frequently in blackwater fever, 
and following episodes of massive in- 
travascular 
161,169 Transfusion, usually with in- 
compatible blood, has led to similar 
changes in many reported instances®!* 
Sussman and 
Kavden'*’ have re porte ‘d finding both 
old nr recent tubular damage in the 
kidneys of a patient with paroxysmal 
cold hemoglobinuria, but de Navas- 
quez*® was unable to demonstrate 
evidence of renal insufficiency in a 
similar even during aciduria. 
Tomb!*! refers to renal failure associat- 
ed with pernicious anemia. In general, 
however, renal failure associated with 
blood destruction seems to 
mainly in where 


Case, 


occur 
hemolysis is 


cases 
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black- 
water fever or in incompatible trans- 
fusion. Nevertheless, Foy et were 
unable to relate the presence or ab- 
sence of renal failure to the quantity 
of hemoglobin liberated in the circu- 
lating blood. 
DEHYDRATION, 


both acute and massive, as in 


SHOCK, AND ELECTRO 
LYTE DISTURBANCES. Severe dehydration, 
shock and electrolyte disturbances may 
precede the onset in other cases of 
acute nephrosis. All these phenomena 
occur simultaneously or in sequence in 
the majority of cases, though in Bailey 
and Rubinstein’s case of renal failure 
following cardiac arrest? shock would 
seem to be the dominant precipitating 
tactor. Renal failure in cases of cholera 
cited by Tomb!*! appears in a_back- 
ground of fluid and 
electrolyte well as 
shock. Dehydration and 
or acidosis'’* have preceded acute 
renal failure, though shock may 
have participated. 


altered 
metabolism, as 


grossly 


also 
Similar renal 
has been seen in infants with 
severe diarrhea and acidosis!™*, and in 
heat stroke'!*. Renal damage of this 
type has been produced experimentally 
in salt deficiency and dehydration”, 
ammonium chloride acidosis™® and by 
dehydration alone!00:101, 


damage 


TISSUE The wave of 
current interest in acute nephrosis be- 
gan with the publication of reports by 
Bywaters and his collaborators on 
cases of acute renal failure following 
crushing injury 


DESTRUCTION. 


y sustained during air 
During and after the 
period of these reports, others of a 
similar nature appeared under a variety 
of titles: “syndrome of acute severe 
myolysis *°, “pigment nephropathy”!*, 
“traumatic uremia’**®!°2 and “crush in- 
jury 


raids!".27 


, While further cases were simply 
recorded as renal damage after crush- 


ing'*'®! or after prolonged burial*?. 
Cases of the same type had been noted 
during and after World War [2282-121 


without attracting much interest. It 


MEDICAL SCIENCE 


seems probable that improvements in 
treatment of the severely wounded in 
the rate 
among such during aftea 
World War II, so that greater numbeis 
of patients lived long enough for renal 


creased immediate survival 


Cases 


failure to become manifest!®*. The in 
creased use of transfusion therapy must 
have added to the numbers of rena 
failure although 


hemolvsis cannot be blamed tor 


transfusion 
them 
all. Several instances of renal failure 


Cases, 


following crushing trauma have been 
recorded in which transfusion was not 

The role of muscle damage (usually 
considered ischemic) is emphasized in 
reports of renal failure following non 
traumatic 


Although Tomb! has argued against 


muscle destruction?” 

a toxic pathogenesis of kidney damag: 
on the grounds that renal failure does 
not occur after infarction, a few such 
cases have now been reported Paxson 
et 


ed with torsion and hemorrhage int 


described renal failure associat 


an ovarian cyst. Pulmonary infarction 
and Volkmann’s ischemic contracture 
have also preceded renal failure. hh 
none of these cases, however, wa 
tissue necrosis an isolated episode. ly 
the 
hemolysis may have played some rol 
while in the latter there was seve 
brain injury with hyperthermia. 


Renal 


two former, hemorrhage = an 


followed 
burns in and adults*® 
Other childhood have 
associated with operation and sulfor 
mide therapy'*®. Both these latter 
amples must also be considered 
probable 


failure has sevel 
children®” 


cases in 


dehydrati 
shock and electrolyte disturbance. 
ACUTE PREGNANCY. ( 
casional episodes of acute renal | 
ure related to pregnancy may show ti 
lesions of acute nephrosis. Most ca 
in this class are seen in associat 
with eclampsia*:**, although Luck 
has drawn attention to the occurr 


instances of 


NEPHROSIS IN 


PATHOLOGY AND 


of damage to kidney tubules and renal 
failure following retroplacental hemor- 
rhage'**'™ and uterine rupture'™*, Brat- 
ton”! reports fatal renal damage follow- 
ing septic abortion, and Humphrey and 

Jones* describe 4 cases of post-abor- 
tion oliguria and anuria which sur- 
vived. 

ACUTE NEPHROSIS IN POISONING. A 
wide variety of toxins is capable of 
producing uremia and destruction of 
renal epithelium. A partial list would 
include inorganic corrosives such as 
bichloride of mercury'*, and uranium 
salts’?! as well as a great many 
organic materials including chloro- 
form!’*, carbon di- 
ethylene glycol'’® and poisonous mush- 
rooms!"*. In most of these the renal 
lesions differ from those considered in 
the previous sections in that they tend 
to involve the nephron diffusely. ‘There 

, often outspoken necrosis of tubules 
aad the changes tend to be most pro- 
nounced in the proximal convoluted 
tubules. In spite of these differences 
of intensity and location, the clinical 
ispects together with morphological 

iterations, to be outlined below, justify 
their inclusion as examples of acute 
re phrosis. 

Renal damage and failure following 
ise of sulfonamide drugs often is as- 
ociated with degenerative lesions of 

Many cases of 
iis type might justific ibly be considered 

Darmady’s allergic group, since the 

se of sulfonamide is often very 
nall'*?, or the patient shows other evi- 
ence of allergy such as asthma. 

The foregoing survey of the varied 

nical background of acute nephrosis 
nhot be complete within the scope 

this paper. Darmady’s allergic back- 
sind has been omitted, without in- 
iding to deny its possible importance, 

t merely because it is extremely dif- 

ilt to establish in individual cases. 

(he clinical features in all groups 
similar, with expected variations in 
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duration and intensity. The patho- 
logical changes in the kidne *y are, with 
the exception of certain poisonings, suf- 
ficiently similar from one group to the 
next to justify the belief that we are 
dealing with a single morphological 
endpoint reached from different be- 
ginnings, and possibly by diverse 
pi athwavys. 

Clinical Features of Acute Nephro- 
sis. A detailed survey of clinical find- 
ings of acute ne phrosis is beyond the 
scope of this communication. Recent 
comprehensive reviews have given ex- 
haustive coverage of this aspect of the 
condition'’:'*5, After the clinical phen- 
omena of the initiating injury or dis- 
ease, the cardinal features of acute ne- 
phrosis become manifest within 24 
hours. Urinary output falls precip- 
itously'*> and comple te anuria may ap- 
pear within the first day. Death when 
it occurs during the first di iy or two is 
usually ascribable to the precipitating 
condition. If anuria persists, there is 
a rapid rise in blood concentration of 
nitrogenous wastes (urea, creatinine, 
non-protein nitrogen, uric acid ). The 
rise in non-protein nitrogen in the 
blood is steepest during the first 4 or 5 
days, but uremic levels may persist in 
surviving pi atients even afte ourin iry 
output has been restored™?. 

Such urine as is produced is of low 
specific gravity. Recovery of urine pro- 
duction, when it occurs, is usually be- 
tween the 5th and 10th day from the 
onset of oliguria. The possibility of later 
restoration “of renal excretory function 

s preclude ‘d in other cases by death 
in uremia. During this recovery period, 
24-hour-urine output may be as high 
as 4 or 5 liters a day or more, but the 
product continues to be of low specific 
gravity. Dilute polyuria may continue 
for a week before slowly subsiding to- 
ward normal. 

As early as on the third day of anuria, 
elevation of blood pressure may be 
noted. Both systolic and diastolic pres- 


t 
| 
t 
| 
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sures are high, and truly hypertensive 
levels are common. Blood pressures of 
the order of 300/200 mm. Hg have been 
recorded Disorders of blood electro 
lyte 
throughout the course of 
Early 
cular 


concentration may be seen 


the disease. 
intravas 


when there has been 


hemolvsis or tissue destruction. 


high serum potassium levels may be 


noted’. During the oliguric phase 
sodium and chloride concentrations in 
the serum may be depressed”, High 
serum potassium values have also been 
noted toward the end of the first 
week*!. During the polyuric phase of 


incipient recovery, there may be evi 
dence of impaired electrolyte homeo 
stasis during which lack of careful con- 
trol of the rapy may lead easily to either 
hypo- or hyper-natremia, and hypo 
kalemia 


With there is 


a gradual fall of blood pressure to pre 


recovery 


existing levels and a slow, often pro 
tracted return of 
quantity and concentration. 
Pathological Changes in Acute Ne- 
phrosis. 


the urine to normal 


Any reviewer of the subject 
of acute renal failure cannot help but 
be impressed by two things. First, there 
is widespread disagreement, bordering 
at times on acrimony, amongst morphol- 
ogists concerning the nature and dis 
tribution of the renal lesions. Secondly. 
and to this 


anatomical confusion, there are a great 


some extent because of 


many opinions about nearly all aspects 
of the pathogenesis of the lesions and 
of the renal functional impairment. 

At least some of the disagreement 
concerning the lesions themselves can 
be ascribed to the fact that different 
investigators see cases of different dur 
ation and varving clinical backgrounds. 
Concerning microscopic morphology, 
some appear to consider as artefactual 
post-mortem autolysis what others in 
terpret as significant degenerative 
lesions. This seems particularly true in 
the case of changes in the proximal 
convoluted tubule epithelium where 
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autolysis may develop with varying 
speed and intensity. Furthermore, be 
fore accepting a particular observa-, 
tion of alteration in a specific segment 
of the nephron, it must be recognized 
that the greater the degree of damage 
to the tubule, the less is the certainty 
with which this segment of the nephron 
can be identified in ordinary sections 
The studies of Oliver et al.‘*8 wherein 
individual nephrons were dissected out 
for study, make it clear that such misin 
terpretations have been common. Even 
while 


passable for the identification of the lo 


micro-dissection studies, unsur 
cation of more striking foci of neph 
ronal damage, must suffer from the dis 
advantages inherent in the use of the 
strong solutions the technique requires 
doubtful 


of cytologic al 


i whether finer degrees 


alteration can be a 
curately observed by this method. 

It is perhaps well to remind ourselves 
that pathologists are merely witnesses 
to biological accidents. Even those who 
observe the same catastrophe may be 
impressed by different features of it 
and may give correspondingly diver 
vent testimony 
\lost 


agree that the gross appearance of the 


GROSS APPEARANCI observers 
kidney in acute nephrosis is lacking in 


Both 


kidneys are usually uniformly enlarged 


$4-46.106.178 


diagnostic features 


to a moderate degree. The external sur 
face may be purplish with vascular en 
sorgement, but often of normal color 
The 


normal consistency. There is commonlh 


organ is moderately firm, or o 
some bulging of the cut surface an 
the 
medulla may be exaggerated by hyper 
the latter 


mav be emphasized by hyperemia ( 


distinction between cortex an 


emia of Cortical striation 
partly obscured and_ glistening wh« 
edema is marked. 

MICROSCOPIC APPEARANCE. The gl 
meruli rarely show striking alteratio1 
Dilatation of Bowman’s space has bee 


transfusion anuria 


noted in cases of 


} 
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\fter crushing trauma, accumulation of 
loose protein precipitate has been noted 
in the space. The 
epithelium of Bowman's capsule may 
show hypertrophic thickening*':''*, but 
this is inconstant and has not been seen 
Glomerular 
ischemia has been described in trans- 
fusion®’, blackwater fever''’, and trau- 


by some observers 


matic anurias‘’, as well as after utero- 
placental damage'™*. Goormaghtigh™ 
has described heavy granulation of the 
fibrillar cells of the afferent arteriole 
portion of the juxta-glomerular appar- 
atus, as well as occasional vacuolation 
of the cytoplasm of these cells. He im- 
plies liberation of a vasopressor sub- 
stance which produces arterial spasm at 
the vascular pole of the glomerulus. In 
ceneral, however, it mav be said that 
glomerular changes are of minor de 
sree, and indeed have not been noted 
it all in many reports. 

\lterations in the renal tubules, on 
the other hand. have been described 
by all observers to whom histological 
material has been available. In many 
eports particularly in the earlier 
nes, little information is given as to 
the location of these lesions in prox- 
ial or distal convoluted tubules, 
Henle’s loops or collecting tubules. De 
Haan in 1905" noted tubule dilatation 

blackwater fever patients and_ this 

s confirmed a short time later'®’. 

nilar dilatation also has been seen 

traumatic! transfusion’? and 
er®® acute uremias. 
Jegenerative changes of varying in- 
sity in the epithelium of the tubules 
been noted in all reports. These 


ations have varied from minor de- 
1121) or =6yvacuola- 
17,48 


erative changes? 
t to degeneration and necrosis 
20 as well as evidence of regen- 
or even rupture of the 
ted tubule’. Thrombosis in small 
ls (usually veins) has been seen 
tr ently in relation to damaged 


tub: Such thrombi 
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may be small mural deposits which do 
not occlude the vessel’. This change 
apparently can progress to rupture'* 
and “tubulo-venous aneurysm” forma- 
tion in some instances**!**, or to herni- 
ation of the damaged tubule into the 
vein®=, The latter event might indicate 
higher pressure in the tubule than in 
the vessel at the time of herniation. 

The changes in the tubules men- 
tioned above have usually been the sub- 
ject of general description, rather than 
being referred to specific segments of 
the nephron; but where landmarks have 
been noted, cortical position of the 
affected tubules is usually indicated. 
In publications where the architecture 
of the nephron is specifically consid- 
ered, most authors have described 
changes in the proximal convoluted 
tubules, but have found these less 
marked than those lower down the 
nephron. 

The most. striking damage in the 
proximal tubule has been seen in poi- 
sonings of various types, where epithel- 
ial necrosis is Common 126 
and usually more pronounced than else- 
where in the nephron. In other cases 
proximal tubule damage has been not- 
ed as “catarrhal slight 
dilatation with cloudy. swelling®!*, 
atrophy and dilatation, or vacuola 
tion of epithelium with occasional 
hvalin droplet formation'’*. Few ob- 
servers have noted casts in the proxi- 
mal tubules, although Bywaters and 
Dible*! found plugs of apparent cellu- 
lar debris in some of their traumatic 
cases. The micro-dissection studies of 
Oliver et have shown. that 
epithelial degeneration, tubule rupture 
and cast precipitation may be seen in 
localized segments of proximal tubules, 
though they are less Common here than 
lower down. 

Mallory'™® was of the opinion that 
some of the dilatation seen in proximal 
tubules was artefactual, due to shrink- 
age during preparation of sections, but 
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felt that even when artefact could be 
discounted, appreciable dilatation was 
present. This is in’ agreement with 
later observations'** in which maximal 
dilatation was found between the 7th 
and 9th days after the onset of renal 
failure. It is perhaps worth noting 
that the proximal tubule alterations re 
ferred to above can scarcely be ignored, 
since they have been described by 
numerous competent —morphologists 
who must be accustomed to discount 
ing changes of shrinkage and autolysis 
Indeed, some of the authors referred 
to’ assign no significant pathogenetic 
role to the tubule changes they de 
scribe 
Among those who have studied 
Henle's loops in acute renal failure 
ra 


178 


there is agreement that some alte 
tion is usually 
although Lucké!’® and French?’ found 
mainly confined to the thick 
limb of the loop. Bywaters and Dible*! 


tound foci of epithelial necrosis in the 


chanos 


vicinity of junction between Henle’s 
loop and the distal convoluted tubule. 
usually in the neighborhood of large 
veins. Hyalin casts, but no pigment 
deposits, were occasionally present, and 
some of these damaged tubules ap 
peared to herniate into the lumina of 
veins. Interstitial edema and cellular 
infiltration were common in the vicinity 
of damaged tubules. Similar damage 


Darmady". 


has been described by 
Others* have noted pigment casts 
in the loops. 

There is general agreement that more 
or less striking lesions are to be found 
in the distal 


bules in most 


convoluted tu- 
$4.48.56. 75,76, 106-108 
These vary from changes 
of cloudy swelling to necrosis and rup- 
ture of tubules. It has been pointed 
out repeatedly that the changes tend 
to be localized within the affected seg- 
ment, or at least to vary in intensity 
from one area to another*):56.19 The 
focal character of the tubule lesions 
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does not appear to have attracted much 
interest until it was so strikingly illus- 
trated in the nephron dissections of 
Oliver et al.'*5. Their report clearly 
showed that focal degenerative or dis 
ruptive lesions may occur at any point 
in the length of the nephron or collect 
ing tubule system, and, though often 
associated with cast precipitation, may 
occur in its absence. The localized 
nature of these pronounced changes 
makes it apparent that in the ordinary 
microscopic section little alteration may 
be seen, because every nephron in 
it might have its foci of damage out 
side the plane of section. 

Granular pigment casts derived from 
either hemoglobin or myoglobin'’® are 
commonly seen in the distal tubuk 
and are usually associated with necr 
biotic changes in the epithelium. In 
case of renal failure in’ eclampsia 
Fahr®™ noted unusual epithelial prolif 
eration in relation to casts which b: 
came engulfed and no longer lay 
the lumen of the tubule. 

Pigment casts are also common in thi 
Aver an 


Gauld® have described epithelial ne 


collecting tubules!’ 


crosis and accumulation of heme pi 
ment in the cytoplasm of tubule lining 
cells. as had been noted earlier 
Bordley'*. Mallory! 


tive changes in the epithelium of « 


found degene: 


lecting tubules only in relation to cast 
Regenerative activity has been not 
in tubule epithelium from about. thi 
fifth day onwards'** and usually 
most marked in the distal convoluted 
tubules and collecting tubules wher 
the newly grown epithelium is some 
times thrown into folds or plication 
interstitial 
sue and vessels have been describe 


Abnormalities — of 


in many reports and given varying 
21,31,63 178,179 } 
ma and cellular infiltration were ce 
scribed by Bordley’ and by other « rly 
workers**:*:74, Kimmelstiel®* described 
both focal and diffuse cellular ex 


70,74,93,135 
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tion of plasma cells, lymphocytes, 
eosinophils, monocytes and polymor- 
phonucle ar leukocytes. Mallory!'* and 
others® observed interstitial granulom: is 
in relation to damaged tubules con- 
taining casts. Bywaters and Dible*! 
found no significant interstitial edema 
until at least 5 days after crushing 
injury, an observation which agrees 
with that of Zollinger'**. The latter 
found edema most marked in the 
medulla, less so in the cortex, and least 
of all in the renal papillae. He noted 
that the edema and cellular exudate 
tend to be focal in the cortex, con 
fined to the vicinity of blood vessels, 
which in some cases appear narrowed. 
The occurrence of venous thrombi 
in relation to damaged tubules, with 
or without tubulo-venous rupture*® or 
‘'! has already been referred 
to. In addition, Goormaghtigh™? has 
noted intimal granulomas in interlobu- 
lar veins. He also made the observation 
that the intertubular capillaries con- 
tain blood, although Mallory!" found 
irtical blood vessels collapsed. 
In resumé, it is apparent that any 
tion of the nephron from the glo- 
erulus down to and including the 
Nlecting tubules may show alteration 
acute renal failure. In areas of 
mage, —— in the epithelium of 
tubules are primarily degenerative 
character pot may progress to ne- 


herniation 


sis and tubule disruption. Lesions 
ul to be most evident in the lower 
tion of the nephron, where pigment 
ts are common. The tendency for 
ule lesions to be localized to 
knuckles of the tubule between less 
naged segments may make the 
ount of damage appear slight in 
roscopical sections in view of the 
irent total suppression of renal 
function. While changes in the tubules 
in early cases, inter- 

| alterations are not detectable at 

intil after at least 3 or 4 days of 

r failure. It is the reviewer's opin- 
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ion that the most constant morphologi- 
cal alteration in all cases is that of 
degeneration of tubule epithelium. This 
is the lesion by which the condition 
is most readily recognized in micro- 
scopic sections. If, as has been pro- 
the interstitial alterations 
are fundamental, many early cases 
must be undiagnosable on this basis. 
It seems wisest at the present to call 
the condition by a name that implies 
its most constant morphology, and 
which leaves the way open for further 
exploration of _ its pathogene sis. The 
term “lower nephron ne phrosis” must 
be rejected in spite of its appeal to 
the tongue, since it is clear that the 
lesions are not by any means so nar- 
rowly confined as the name implies. 
Indeed, the only suitable name based 
on the morphology of a condition of 
acute tubular degener: adie appears to 
be that of “acute nephrosis.” 

Etiology and Pathogenesis. Almost 
every conceivable mechanism has been 
suggested for the development of the 
lesions of acute nephrosis and for the 
accompanying oliguria) and anuria. 

Early theories postulated toxic damage 
to tubular elements. This was a logical 
development, since the truly toxic ne- 
phroses were among the earliest degen- 
erative lesions of renal tubules recog- 
nized. Hypotheses implicating nephro- 
toxic materials are still the basis of 
much investigation. Among these con- 
cepts those which have attracted the 
greatest interest are those dependent 
upon the effects on the kidney of pig- 
ments derived from red blood cells and 
from striated muscle. 

The second main group of hypothe- 
ses may be collectively designated as 
concepts of primary circulatory distur- 
bance, in which shock, vasospasm, re- 
duced renal circulation and _ local 
anoxia are considered fundamental. 
smaller group of investigators has been 
more impressed with the interstitial 
reaction in the kidney and considers 
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the basic lesion one of inflammation 
and exudation. Various concepts, of 
course, attempt to implicate the for 
going theories in concert or sequence 
and may be classed as combination 
theories. 

In any evaluation of pathogenetic 
concepts it is necessary to realize that 
some hypotheses are aimed primarily 
at explaining the development of the 
lesions, whilst others are more con 
cerned with elucidating the mechan 
ism of oliguria and anuria. Superficially 
these two approaches may seem ident 
ical, but they differ in the tendency of 
the morphologist to offer explanations 
only on the basis of observable struc- 
tural change, while the physiologist is 
inclined to base his conclusions on the 
results of tests of function, regardless of 
visible changes in structure. Thus from 
the morphological standpoint we find 
anuria explained as a result of tubule 
blockage by casts, inspissated fluid, or 
elevated intrarenal pressure caused by 
edema, while physiologists are inclined 
to place more emphasis on changes in 


lomerular filtration rates or alterations 


in the resorptive activity of the tubules. 

NEPHROTOXINS. One of the 
explanations for the urinary pigment 
in blackwater fever was that hemoglo 
bin was blood cell 


destruction occurring in the kidney'** 


earliest 


released by red 


It was assumed that blood escaped via 


lar communications into 


tubulovascu 
the tubule fluid which had the capacity 
to induce hemolysis. Somewhat later, 
Bredauer** suggested that in renal fail- 
ure due to trauma, toxic metabolites 
from damaged muscle, in- 
duced hemolysis, although he _attrib- 
uted renal failure to intrarenal vasocon- 
striction. The effects of hemoglobin 
and myoglobin on renal structure and 
function have now been widely investi- 
gated. These studies have vielded val 
uable information about renal function 
but leave considerable doubt conceru- 


release 
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ing the pathogenetic role of pigment: 
In acute nephrosis 

The Baker anc 
Dodds® that hemoglobin precipitated 


demonstration by 


more easily at a pH below 6 and salt 
concentration over 1% led to the as 
sumption that there was less dange: 
of intratubulat precipitation and con 
sequent obstruction if the urine could 
be kept alkaline during bouts of hemo! 
“Experimental renal failure has 
been produced in rabbits with acid 
uria®® 9.102 or both 
injection ot 


VsiS 


or dehydration** 
following intravenous 
hemoglobin*” or myoglobin**. Hem 


oglobin injection plus dehydration 


alone has also led to lesions of renal 
tubules and anuria'’’, although changes 
when 
hypotension had been induced first*** 


101.17 


‘2 In dogs renal damage has r 


have been found more. severe 


sulted from hemoglobin injection, r 
cardless of whether the urine was acid 
or alkaline*®* 


hemoglobin together 


considered 
release with 
acidosis to be of importance in causa 
tion of renal damage. In one experi 
ment’, in order to induce impairment! 
of renal function, it was necessary to 
attain higher blood hemoglobin levels 
than are met with in humans following 
intravascular hemolysis. It should be 
noted that the rabbit normally excretes 
an alkaline Smith! hias 
emphasized that in some of the experi 
ments using this animal"* the effects ot 
the ammonium chloride used to induce 


urine, and 


have not been controlled 
Others have considered the rabbit an 


unsatisfactorv animal for experiments 


aciduria 


of this type because of its great vaso 
The failure of ex 
periments attempting to induce renal 
damage in dogs by 


motor instability". 


mvoglobin 
related to 
greater clearance rate for this 
material than that for hemoglobir 


tion*® may in part be 
much 
Numerous experiments w! h 
blood or muscle pigment have | 
injected into man or animals have (ii 
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ed to produce either clinical or mor- 
phological evidence of renal damage™' 
Thus, Yuile et al.’7® were unable to 
demonstrate nephrotoxic activity of 
hemoglobin in rabbits with either acid 
or alkaline urine, but found that renal 
failure ensued when hemoglobin 
jection was preceded by a period o 
renal ischemia or by renal damage in- 
duced by sodium tartrate. Foy et al.®* 
concluded that the induction of renal 
failure in man could not be related 
to blood hemoglobin levels during 
hemolysis, although the reverse has 
been found in experiments with dogs". 
In a case of paroxysmal hemoglobin- 
uria in man, de Navasquez”” found no 
evidence of renal functional impair 
ment during periods when the urine 
was acid. Others have failed to find 
hemoglobin or myoglobin nephrotoxic 
13,54,63,174 and 
some have found hemoglobin more 


n experimental animals* 
soluble in acid than in alkaline urine*” 

this last observation is in agree- 
ment with the finding that solids are 


more easily excreted by the human 
kidney in an acid urine'™*, Other effects 
t hemoglobin which may have some 
bearing on the pathogenesis of renal 
failure are its vasoconstrictor!'® and, 
presumably related, pressor effects*. 
lhe above observations on the renal 
eltects of blood and _ tissue pigments 
ire t necessarily in disagreement. 
When surveyed together they suggest 


that the pigments in themselves have 
little damaging effect upon the kidney, 


but that together with hypotension 
} 


an inference, lowered filtration’ 


rate’. dehydration (and possible elec- 
trol disturbance) or simultaneous 
rena! damage from other causes, they 
ma\ some way induce renal failure. 
The s::¢gestion that pigments may exert 
i dirt toxic action on the epithelium 
of th tubule would have to be inter- 
prete’ in the light of these observa- 
tions 
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The possibility that potassium ex- 
cess resulting from blood or tissue de- 
struction might be nephrotoxic has 
been suggested a number of times!*** 
but experimental investigation 
of this aspect is lacking. In view 
of the frequent occurrence of 
renal failure in states of dehydration 
and electrolyte disturbance, experi- 
mental study along these lines might 
vield valuable information. 

Only one group of investigators ap- 
pears to have been impressed with the 
possibility that breakdown of blood 
proteins might yield nephrotoxic ma- 
terials'’*. In experiments with dogs, 
cats and rabbits it was found that 
the nephrotoxic action of erythrocytes 
uppeared proportional to their prote in 
content. It has been suggested that 1- 
creased production of urea after trauma 
might be toxic to the anoxic kidney of 
shock!**. Dunn et al.°° considered it 
possible that excess uric and phosphoric 
acids resulting from tissue damage 
might have a toxic effect upon the 
kidney. At about this time McFar- 
lane!!s reported lesions in the distal 
tubules in rats to which sodium acid 
phosphate was administered. Similar 
lesions had been described earlier in 
rabbits subjected to lithium monourate 
injections”® 

Ffforts to demonstrate humoral 
nephrotoxic agents in the blood of 
traumatized animals have not had great 
success. Eggleton*’:*', however, found 
evidence of such material in the blood 
of crushed cats, and concluded he was 
dealing with an anaerobically produced 
intermediate muscle breakdown pro- 
duct. Goormaghtigh’* has postulated 
the existence of a humoral vasopressor 
agent liberated during crushing injury. 
Some workers have identified the shock 
inducing agent and possible nephro- 
toxin as adenosine triphosphate _re- 
leased from damaged 
while others have referred merely to 
tuxic metabolites derived from tissue 
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The experimental 
production of renal tubule damage by 
repeated histamine injection does not 
appear to have been pursued further™ 
Mirsky and Freis!** described renal 
lesions similar to those of crush syn- 
drome in rabbits and rats injected with 
crude trypsin. 

Myoglobin solutions injected into 
normal rabbits have failed to induce 
renal lesions or failure** but did so 
when the animals were submitted to 
crushing trauma and rendered aciduric. 
Similar results have been obtained in 
rats’ 

The significance of these experi- 
mental studies is difficult to evaluate. 
The idea of a nephrotoxic material re- 
leased as a result of blood or tissue 
destruction may have been seized too 
eagerly. It may be that because known 
toxins such as bichloride of mercury 
produce necrosis of tubules,. the occur- 
rence of this lesion in other cases ought 
to be due to the action of some uniden- 
tified toxin. The search for such toxin 
has been a thorough one, but thus far 
the results suggest only that in the 
severely insulted organism some sev- 
eral materials may help in the induc- 
tion of renal damage. 

If in fact a nephrotoxic material is 
responsible for the lesions of acute 
nephrosis, it clearly must act in a dif- 
ferent manner from other toxins. The 
latter produce tubule lesions in areas 
which can be related to tubule function, 
for example, the proximal tubule necro- 
sis in bichloride of mercury poisoning. 
On the other hand, the lesions in acute 
nephrosis are haphazardly distributed 
up and down the ne phron, showing 
variations in intensity which cannot be 
related to areas of functional specializa- 
tion. Thus, while it cannot be denied 
that toxic materials may have an im- 
portant role in the pathogenesis of 
acute nephrosis, the inference to be 
drawn from published reports is that 
toxins are either of subsidiary impor- 
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tance, or else that they act on tl! 
kidney indirectly. 

VASCULAR DISTURBANCES. One such in 
direct pathway to renal damage which 
has aroused considerable interest in 
recent years is the whole complex of 
renal hemodynamics, including vaso- 
spastic phenomena, glomerular filtra 
tion and tubular reabsorption. A con 
siderable number of investigators have 
reached the conclusion that reductior 
of renal blood flow is of primary im 
portance in the pathoge nesis_ ot 


16,44,46.68. 77, 87.104 


acute renal failure 
ions vary as to how this local anoxia 
is produced, and how it operates to 
bring about renal failure 
Investigation of normal renal circu 
lation has indicated that renal blood 
How may vary independently from 
changes in the general circulation!” 
and that the kidney does not compen 
sate for diminished blood flow by in 
creased oxygen extraction from the 
blood'**, It is also apparent that ther 
may be rather prolonged reduction in 
renal blood flow during shock, as a 
result of intrarenal vasoconstriction’ 
This has been found to result in re- 
duced glomerular filtration?®:'441°", as 
had been guessed by de Haan*®. Ther 
may also be an effect on glomerular 
permeability, which apparently _ is 
limited for hemoglobin'*:!. There. is 
probably a simultaneous lowering of 
oxygen supply to the tubules during 
reduced renal blood flow®’. It is un- 
reasonable to accept the suggestion 
that this should produce damag first 


in Henle’s loops merely becausé they 
are the furthest point along the line 
of blood supply® since this mak the 
unjustified assumption of equa! nu- 
trient requirement in all parts « the 
nephron. Reduction of renal bloo flow 
has been observed in experimental 
shock induced by limb tourniq ts 
burns®?, and by massive hemorrh.ge’ 
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rary anuria was observed during the 
period of hypotension brought about 
by hemorrhage'** or trauma!**, Axelrod 
and Pitts' have found, however, that 
moderate to severe hypoxia has no 
measurable effect on tubule function. 
By the more direct, but less physiologi- 
cal approach of inducing renal ischemia 
by clamping the renal artery, death 
from uremia resulted when the clamp 
was left in place for more than 2 
hours in dogs**, rats®* and rabbits®. 
It has also been found that in rats 
uremia is more easily produced by 
clamping the renal vein than by 
constricting the entire pedicle’. Ex- 
periments of this same type in dogs 
have indicated that after renal artery 
constriction there is an increase of 
capillary permeability within — the 
kidney?**. 

Several mechanisms by which re- 
duction in renal blood flow might be 
brought about in shock have been 
suggested An early 
concept was that subthalamic irritation 
by protein breakdown products re- 
leased during hemolysis led to general 
vasoconstriction in which that in the 
kidney was of prime importance‘. 
Perfusion experiments have demon- 
strated a vasoconstrictor material in the 
blood of animals shocked in various 
ways'*®. Cross transfusion in dogs, how- 
ever, failed to demonstrate antidiuretic 
factors in the blood of shocked ani- 
mals'®®, Direct renal vasoconstrictor 
action has also been attributed to he- 
moglobin!!® as well as to the debris of 
laked red blood cells'*?. The hypothe- 
sis of an intrarenal shunt mechanism 
whereby cortical ischemia might be 
induced through vascular bypasses'™* 
has not been confirmed in other experi- 

Thus for, it may be said that renal 
failure does not appear to have been 
produced by experimental shock with- 
ut renal artery constriction. The lat- 
ter type of experiment cannot, on the 
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data now available, offer a reasonable 
explanation for acute renal failure in 
man, since it clearly induces a degree 
of renal anoxia which would be incom- 
patible with life if brought about by 
shock. Whether species difference 
makes the human kidney more suscep- 
tible to anoxic damage or local vaso- 
spasm is not clear. It has been sug- 
gested'** that it may be easier to induce 
renal anoxic damage in large than in 
small animals. 

THE MECHANISM OF ANURIA. Since the 
pathogenesis of the lesions of acute 
nephrosis remains somewhat obscure, 
there can be as yet no entirely satis- 
factory exp: ination of the mechanism 
of oliguria and anuria. Among the 
theories proposed the majority “favor 
an intra-renal cause, though there are 
those who consider the uremia to be 
at least partly extra-renal in origin. 
Of the intra-renal causes suggested, 
the principal concepts are those deal- 
ing with obstruction of tubules by 
casts, intra-renal compression — by 
edema, reduction in renal blood flow, 
and back diffusion of filtrate through 
damaged renal epithelium. 

\ number of investigators have held 
casts in the renal tubules primarily re- 
sponsible for reduced or abolished 
urine 
deed, it is clear that fluid cannot flow 
through blocked tubes and when casts 
are present, they must at least con- 
tribute to anuria. There are serious ob- 
jections, however, to accepting tubule 
obstruction | as the sole cause for 
Tn many cases 
casts are too few to seasonally. explain 
total suppression of urine’ 35,50 even 
though dilatation of the proximal 
nephron®!°"15 might be taken to 
imply obstruction lower down. An 
alternative suggestion has been that 
increased viscosity of tubule fluid** 
or inadequate flushing of the nephron** 
might impede or abolish urine output. 
Some have considered casts to be the 


IDDADICG 


ge 


ss 


t} 

hi 
t 
xX Ol 
aso 
tra 
Con 
have 
tion 
Ith 

on 
n re 
Phere 


PROGRESS 


result of tubule damage rather than 
“. or have held that pre 
cipitates in the tubule lumen aggra 


its Cause 


vate epithelial damage due to other 
causes!*?, 
that reduction of 


trom 


It seems obvious 
filtration 
must contribute to oliguria. 
This is possibly enhanced by increased 


reabsorption from the 
14 154 


glomerular whatever 


cause-™ 


165 Increased tubule permeability 


has been found in experimental 


and oxalate poisoning’ 
* and the impaired electrolyte homeo 
stasis in humans during recovery from 
anuria might well 


have similar 
basis 

It is possible that uremia of acute 
renal failure may be increased by extra 
renal factors such as dehydration and 


Experimentally, sodium 
has been found to 
produce lowered glomerular filtration, 


oliguria and elevation of blood urea 


chloride deficiency 


An important role in the pathogene- 
sis of anuria has been attributed*!:!*5:175 
to increased interstitial pressure caused 
by edema and inflammatory infiltration. 
Zollinger'™® conceives two phases of 
anuria, the first resulting from shock 
and reduced filtration rate, the second 
being due to increased intra-renal pres- 
sure. Such an explanation, however, 
that with 
there should be compression ot veins 
and collapse of tubules, both of which 
are usually 


suggests increasing edema 


absent or insignificant. It 
is also difficult to see whv the edema 
seen in kidneys of acute nephrosis 
should cause total anuria, when the 
more marked turgidity seen in bilateral 
acute pyelonephritis sO rarely does so. 
It is apparent that several features 
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THI elementary 


epidemiological 
characteristics 


associated with time, 
place and person*® are the start of any 
analysis of mass disease in man. Secu- 
lar trends, geographical distribution 
and seasonal variations in logical se- 
quence call for consideration of the 
age, Sex race of the persons 
affected. Many clinical entities are as- 
sociated with specific patterns in these 
data. The interpretation of the pat- 
terns 


and 


always clear, 
no means uniform. All are 
open to further analysis; and profitably, 
in extending knowledge of the behavior 
of disease in populations of people. 
Age of mother at the time people are 
born and birth order in the family are 
two independent variables suggestively 
contributing to a more precise defini- 
tion of those factors of age which con- 
tribute to The 
would serve at 


themselves is not 
and is by 


information 
three 


disease. 


seem to least 


useful purposes: 

\ primary clinical benefit is to aid 
prognosis for the individual patient. 
The clinician needs to know the risks 
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of childbirth at various maternal ages 
as they affect both mother and child 
for proper allocation of hospital beds, 
for determining the need for consultant 
services, and for guidance in drawing 
upon other facilities of modern medical 
care. 

The abnormally 
high risk attached to a particular ag 
is a direct indication for preventiv: 
action. 


demonstration of 


Such educational and adminis 
trative measures as may be applied o1 
the single basis of that information ar 
of course provisional, and await identi 
fication of the factors immediately ré 
sponsible for the association of age an 
high risk. 
separable from age, a more direct at 


Insofar as such factors at 


tack becomes possible. 

associations of ag 
with specific maternal and fetal di 
eases or defects aids research in etio 
ogy of such The ma 
emphasis on these two variables 


Recognition of 


conditions. 


late has been in relation to congenit 
abnormalities or to conditions close 


associated with pregnancy and partur 
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PREVENTIVE 


tion. Recent experimental work'’*:'™ 
suggests an influence that extends well 
beyond these limits, even to such un- 
likely fields as cancer. 
The present purpose is to draw 
attention to rather widely scattered 
evidence linking various diseases, de- 
fects biological characteristics 
with maternal age, and to consider 
possible interpretations of the observed 
associations. The ultimate aim is to 
examine demonstrated associations 
with maternal age, in an attempt to 
identify more direct relationships. In 
other instances, the principal concern 
is with the kinds of new evidence 
needed to establish the basic relation 
with age. By viewing the problem 
biologically rather than clinically, final 
ttempt is made to identify associations 
theoretically probable, but thus far not 
explored, despite evident suggestion of 
‘clinical and public health significance. 
The first step toward the stated ob- 
ctives is briefly to describe available 
iethods for testing association between 
jaternal age and a particular morbid 
tate or physiological attribute. Two 
neral methods are available, one 
lirect and one direct, and both are 
pplicable to either maternal or infant 
iracteristics. For maternal disorders 
direct method of estimating inci- 
e from known numbers at risk in 
various age groups is more satis- 
tory, and is in fact the easiest way 
the data usually available. 
‘he first general method, usually 
ascribed to Greenwood and Yule™ but 
inating in the “Short Table” of 
Pe irson'***”. relies on a comparison of 
inex cases with their siblings. The 
assmption is implicit that in the ab- 


serice of an association with birth order 
or iaternal age, the chances are ran- 
dom of a patient appearing at any of 
t iaternal ages or birth ranks of the 
The method was originally 


usc. to determine the influence of birth 
order, but subsequently, as modified 
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by Penrose'*"", was applied to consider- 
ation of maternal age and even for 
separation of the effects of birth order 
and maternal age. A method described 
by Haldane and Smith" rests on similar 
assumptions. An essential feature of 
these methods is that the families under 
consideration must be complete, a lim- 
itation that clearly affects their useful- 
ness. Other difficulties relate to accu- 
racy. Their main value is in first draw- 
ing attention to an association where 
data are limited. 

The second group of methods de- 
pends on comparing birth ranks or 
maternal ages of patients with those of 
the general population from which the 
sample is drawn. Knowledge of the 
general population may be complete, 
as in the work of Yerushalmy2"™ on 
stillbirths and neonatal deaths; o r may 
be obtained by sampling, as practiced 
by Record and McKeown" in a 
study of malformations of the central 
nervous system. A satisfactory method 
of using data of vital statistics to esti- 
mate the maternal age distribution of 
the general population at the time of 
birth of a series of patients of various 
ages, has been described and used by 
Beall and Stanton*” studies of 
epilepsy and mongolism. 

Demonstration of an association be- 
tween a_ specified characteristic or 
pathologic condition and maternal age 
raises the question of a closer associa- 
tion with some other variable closely 
linked with maternal age; for example, 
paternal age, birth order or parental 
fertility. Either of the two methods 
described serves in probing the ques- 
tion, at least for birth order and 
maternal age. The second requires less 
involved statistical method and _ is 
preferable, provided the necessary data 
are available. 

Under circumstances where the 
association with maternal age is sec- 
ondary to a relationship with some 
other ‘quality, birth order for instance, 
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an erroneous interpretation is some- 
times made that there is no association 
with maternal age. The association 
with maternal age is of course no less 
real because it happens to be indirect. 
The practical difference is that demon- 
stration of a secondary association has 
been in the one situation successful, 
while in the other no closer association 
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lation and causation is a pitfall likely 
to be overlooked when examining as 
sociations, but no more so for maternal! 
age than for many other biological 
characteristics. 

The Maternal Risk. Variation in th« 
risk of childbirth according to age of 
mothers may be measured satisfac 
torily, so far as mortality is concerned 


MATERNAL AGE IN YEARS 


Fig. 1.—Maternal mortality rates per 1,000 total births by age and race, United Stat 


America 


than that with maternal age has yet 
been accomplished. Maternal age as 
such, “the mere accumulation of 
years **°, can hardly be considered a 
factor influencing disease. The issue 
is with conditions that attend advanc- 
ing years. The more that knowledge 
improves, the more will characteristics 
now thought to be associated with age 
be relegated to the “no association” 
group. The distinction between corre- 


1945-1949. 


by officially reported data of offices of 
vital statistics. For morbidity, as \ ell 
as for the separation of age effects 


from those of parity, reliance is neces- 
sarily placed on selected and _spx ial 
studies in clinics, hospitals, and some 
times for whole populations within 
the area of a town, county or other 
jurisdiction of practicable size. 
MORTALITY. Age specific maternal 
mortality rates for the United States 
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1945 to 1949, are presented in Fig. 1, 
with separate consideration of white 
ind non-white populations. The essen- 
tial inferences trom the data are: (1) 
rates are lowest for both races - the 
ige period 15 to 24 years; (2) for 
nothers under 15 years of age the rates 
ire materially greater; (3) after age 
25 vears for non-whites, and 35 years 
for whites, mortality rates increase 
markedly with age. At ages 45 and 
over the rate for non-white mothers 
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under 15 years is predominantly a 
feature of toxemia of pregnancy. W hen 
toxemic deaths are excluded, maternal 
deaths for the age group under 15 
years exceed but slightly those for ages 
15 to 19 years. Mortality statistics are 
notoriously open to error because of 
inadequacies it in diagnosis and _ report- 
ing, to such extent that exclusion of 
recorded deaths from toxemia in all 
probability still leaves cases where 
toxemia was an important factor. The 
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Maternal mortality rates by age and principle causes, United States of America, 
1945-1949. 


14.1 per thousand, more than 10 
ies the average rate for the child- 
iring population; and (4) rates are 
ther at all ages for non-whites than 
whites, but the general relationship 
tween mortality for white and non- 
ite does not vary greatly with age. 
servations (2) and (3) may be 
nded to advantage by examining 
ease specific death rates for the three 
n causes of maternal mortality, as 
n by the U. S. Bureau of the 
sus, and illustrated in Fig. 2 
HE YOUNGER MOTHER. The greater 
dence of maternal deaths at ages 


conclusion seems warranted that apart 
from an increased risk of toxemia, 
the youngest mothers expe rience no 
greater mort: lity during childbirth than 
women of 15 to 24 years, where the rate 
is lowest. 

A number of de- 
voted to the clinical features of preg- 
nancy and labor in girls of 16 years 
and under, suggest that the frequency 
of obstetrical complications is no 
greater than for mothers in general. 
Antepartum and postpartum hemor- 
rhage, malpresentations, inertia, pro- 
longed labor and the necessity for 
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surgical intervention are least frequent 
in this age group. Third-degree per- 
ineal lacerations are a possible excep- 
tion*. Mortality figures seem, therefore, 
to express the comparative freedom 
from complications enjoyed by the 
adolescent mother. 

National vital statistics do not sep- 
arate the effects of age and of parity 
as determining factors in the greater 
frequency of toxemia in young mothers 
Toxemia is known to be common in 
primiparae: some 70% of patients with 
pre-eclampsia are primiparae*. The 
greater incidence of toxemia in this 
youngest age group may reflect no 
more than the high proportion of 
primiparae Most clinical reports 
either have no comparison group*?'*® 
or compare younger patients with gen- 
eral clinic experience®®:'*4.'48, with con 
sequent failure to differentiate be- 
tween low age and primiparity. In one 
instance!**, where cases of toxemia are 
recorded by age of the patient, inci- 
dence was 42% at 13 vears and only 16% 
at 16 vears, while the proportion of 
primiparae was but slightly different, 
100% and 96%. Another study** dealing 
solely with primiparae shows the inci- 
dence of both pre-eclampsia and 
eclampsia to be higher in the very 
young Primiparity is one factor in 
the greater incidence of toxemia among 
young mothers, but is clearly not the 
whole e xplanation. 

OLDER MOTHERS. An increased risk of 
disability and death is also associated 
with high maternal age but no single 
cause is outstanding, Fig. 2. Parturi- 
tion in older mothers has had much 
clinical interest. Most of the earlier 
reports, dating from the comments of 
Mauriceau'** in 1721, were brought 
together by Kleinwichter® in 1884, 
an excellent summary of the literature 
to that date. Studies since then are 
concerned mainly with comparison of 
elderly and young 
127.154.178 although some deal with both 
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primiparae and The 
first group of reports and those parts 
of the latter that deal with primipara 
have special value in that they permit 
comparison of age with parity constant 
The evidence is best presented through 
separate consideration of individual 
clinical groupings of disease or dis 
ability. 

After the initial high rates among 
the youngest mothers and the favor 
able situation at ages 20 to 29, the 
incidence of toxemia of pregnancy 
increases steadily with maternal ag 
The increase at older ages can scarcely 
be secondary to a parity effect in view 
of the decisive proportion of primipara: 
among patients with toxemia. Further 
support is had through comparison of 
old with young primiparae; a higher 
incidence of toxemia is in the 
older 

Several setlheciiine recognize a high 
incidence of placenta’ previa and 
abruptio placentae among elderly 
ISS. Both conditions have 
long been recognized as a_ function 


either of high parity or of relatively 
146." and Kal 
mus*' compared groups of such cases 
with normal births from the respectiv 
hospitals, and came to the conclusion 
that the incidence of the central variety 
of placenta previa is primarily a fun: 
tion of age, while the lateral and 
marginal varieties, and accidental hem 


advanced age. Penrose 


orrhage, are associated mainly W 
high parity. 

Postpartum hemorrhage and _reten 
tion of placenta in primigravidae 
appear to increase with age*t 
but conflicting reports exist'®®. Thomp 
17 considers the main contributing 
factor to be the greater frequency of 
myomata among elderly primigravic 

Although puerperal infection is 
important cause of maternal disability 
and death, little information has been 
gathered on a possible association w h 
age. National mortality statistics (Tg 


son 
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2) reveal a marked association, at least 
for deaths, with the higher rates 
centered in the older age groups. The 
explanation may rest in the greater 
frequency of operative procedures for 
high-age high-parity mothers. The 
puerperal infection rate of elderly 
primigravidae has been found high 
when compared with that of all other 
patients of a clinic'®'. Other studies 
concerned only with primigravidae, 
sometimes give higher rates for puer- 
peral fever for younger and_ older 
mothers**; and sometimes no variation*® 
in frequency of febrile attack with 
age. 

Criteria for determining efficiency of 
uterine action are difficult to establish. 
Some observers report no evidence of 
deficient uterine action among elderly 
primigravidae*™*, while others find in- 
ertia a frequent 

Length of labor is commonly em- 
ployed as an index of uterine effi- 
ciency?®*5.58. and as such is consistently 
no longer for the elderly than for the 
149.188 However, the greater 
requency of operative interference in 

lder mothers tends to discount the 
ilue of this measurement. The fre- 
juency of premature labor, as measur- 
| by length of gestation, appears to 
not at all®' or only slightly** related 
either age or parity. 


oung*”? 


\lmost no attention has been given 
the influence of age at childbirth on 
subsequent medical history of the 
other. To what extent, for instance, 
the risk of permanent circulatory 
mage after toxemia dependent upon 
° Variations with number of pre- 
fg are well established for 
, but data are fragmentary’? on 
age of the patient whe n these chil- 

n were born. 
‘laternal Age and the Infant. Basic 
lemiologic method has to do with 
aration from whole populations of 
ups of persons having a common 
racteristic, and search then for 
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the causes that determine such circum- 
stances. Evidence has been given that 
age is a factor in the risks that women 
experience in childbirth. If maternal 
age is indeed an epidemiologic prin- 
ciple, then other fractions of the popu- 
lation are to be recognized as subject 
to influences directly or indirectly re- 
lated to that attribute. The children 
born to mothers of different age sug- 
gests a part of the population as im- 
portant as mothers themselves. The 
test of the hypothesis is first through 
examination of characteristics manifest 
at birth, and secondly through qualities 
that become appare nt in late ‘YT years. 

Fetal and Infant Deaths. The major- 
ity of fetal deaths occur during the first 
months of pregnancy, under circum- 
stances where knowledge of cause is 
least well defined. Estimates of the 
proportion of pregnancies ending in 
abortion range from 12 to 44%"7, As 
a consequence, it is not surprising that 
few reliable data are at hand on asso- 
ciation of these events with maternal 
age. 

ABORTION. Kopp** noted that abortion 
increased from 10% in first pregnancies 
to nearly 50% in pregnancies after the 
sixth. In a number of studies of pa- 
tients attending birth control clinics, 
the incidence of illegally induced 
abortion increased marke dly with birth 
order and duration of marriage, no 
change being noted in the freque ney of 
spontaneous Wiehl and 
Berry'*! also reported association be- 
tween birth order and induced abor- 
tion, but not for spontaneous abortion, 
in a group of multiparous women. That 
these results are an expression of highly 
selected groups is suggested by an in- 
crease of abortion with maternal age 
in a series of planned pregnancies in 
which it was thought that criminal 
abortion was unlikely's*. Two small 
series*”'® of patients aborting hyda- 
tidiform moles provide an example 
of a single cause of abortion with 
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demonstrated relation to maternal age 
for a less highly selected population of 
women from a general clinical exper 
ience. The study is yet to be made of 
the total of abortions in a representa- 
tive population with adequate controls. 

STILLBIRTHS AND NEONATAL DEATHS. 
Stillbirths and neonatal deaths are con 
veniently grouped together, for the 
reason that many conditions contribute 
to causation in common, and most 
studies make reference to both. In 1874, 
Ansell? noted that for first pregnancies 
the risk of stillbirth was more than 
double that for later births. The 
increased risk extended into the neo- 
natal period, but for ages thereafter 
mortality for the firstborn was less than 
average. For 14,968 births occurring in 
Baltimore'®® in 1915, rates for stillbirths 
and neonatal deaths were high in first 
parities and young mothers, were at 
a minimum at ages 25 to 29 (2nd and 
3rd _ births) and became increasingly 
greater with increasing parity and 
maternal age, the two influences being 
independent. These important obser 
vations have been confirmed in the 
United States by Woodbury'"*, Gould*® 
and Yerushalmy2"", in Canada by 
Robinson!*, and in Great Britain by 
Burns**®, Baird®, and 
Gibson and McKeown*”. 

By constructing separate trend lines 
for stillbirths and for neonatal deaths, 
the general behavior of the two events 
in relation to age and parity is seen 
to be similar, although not identical. 
Both trend lines decline as parity ad- 
vances from first to second births, 
somewhat more so for stillbirths than 
for neonatal deaths. If the initial de- 
crease already noted is judged on the 
basis of age, the reverse holds, with 
little effect evident on stillbirths and 
a material drop in neonatal deaths!*. 
After the minimal levels established at 
ages 20 to 29 years, or parities 2 and 3, 
rates for both neonatal deaths and 
stillbirths become progressively greater, 
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whether judged by parity or by age 
For stillbirths, the relationship is 
stronger with age than with parity 
while for neonatal deaths parity is the 
dominant Interestingly 
enough, the fall in stillbirth rates in 
Canada!’ between 1927-30 and 1940 
13 has been largely the result of lesse1 
rates at the lower maternal ages; the 
rates for women over 30 years hav 
remained much the same. 

Mothers have so evident a connec 
tion with the process of childbirth 
that the essential contribution of fath 
ers is often overlooked. Yerushalmy,?° 
examining the association of. stillbirt] 
and neonatal deaths with age of father 
found rates to be greater for children 
of younger and older fathers. This 
association held when judged in rela 
tion to each 5-year maternal age group 
His results are not entirely conclusive 
since the 5-year maternal age groups 
used do not entirely eliminate th 
maternal-paternal age association. In 
addition, the associations between birth 
order and maternal age and between 
maternal and paternal age were cor 
sidered, but no allowance was mac 
for the evident association betwe« 
age of father and birth order. Suthe: 
land'**” in a larger material from New 


Zealand, found no association of. still 
birth rate with age of father at c 
stant maternal age, except that the 
rate was high for mothers under 2 
when the father was under 21. This 
single inconsistent result again n 


have explanation in a correlation | 
tween age of father and birth rank 
which probably exists even at constant 
maternal ages. 

POSTNEONATAL INFANT DEATHS. Fewe! 
data are available on the relations|iip 
between parental age and deaths after 
the first month of life. The ear! 
studies of Rochester™® and Wood 
bury'®* reveal associations with both 
birth order and maternal age (or 
“causes peculiar to early infancy,” 
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also for other causes of infant death. 
The associations were, however, less 
marked for “other” causes than for 
causes peculiar to early infancy. More 
recent investigations have failed to 
confirm these findings. Burns** found 
that the characteristic relationship with 
birth order for neonatal deaths was not 
maintained after the first month of life. 
Gibson and McKeown®!” found little 
association with birth order or maternal 
age tor later infant deaths except for 
those ascribed to infection, the rates 
for which increased with increasing 
birth rank and decreased with increas- 
ing maternal age. Furthermore, when 
observations were limited to children 
in more favorable economic circum- 
stances the trend with maternal age 
was eliminated and that with birth 
rank reduced. Differences in the extent 
ind causes of infant mortality in the 
two periods seem a reasonable explan- 
ation for some of the inconsistencies 
between findings of earlier and later 
studies 
Biologic Attributes of the Infant. Of 
variety of characteristics and more 
than a few morbid conditions of man 
onceivably associated with age of the 
nother, none is more tangible than the 
umber of offspring of a given preg- 
nancy. The search now is for evidence 
f maternal age as a determining factor 
such events. 
MULTIPLE BIRTHS. The incidence of 
win pregnancies increases with mater- 
il age through all age groups until 
> to 39 years and then falls**. Accord- 
ng to data published by the U.S. 
ureau of the Census?‘, incidence also 
icreases progressively with birth order 
id continues to increase at least until 
rth order 10. The data are of such 
iture as to permit the effects of birth 
der and maternal age to be se parated, 
id to recognize each as an inde »pen- 
nt variable with birth order having 
mewhat the greater value. Despite 
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this evidence, the idea is still common 
that parity is of no significance. 

If twins are divide d into monozygous 
and dizygous sets according to the 
Weinberg'*® method which depends 
upon the proportion of unlike to like 
sexed sets, dizygous sets show an asso- 
ciation with maternal age, whereas 
monozygous do differ- 
entiation of 495 twin sets on the basis 
of physical characteristics®' gave an 
association with high maternal age for 
dizygous sets and no effect for mono- 
zygous twins. Guttmacher® separated 
monozygous and dizygous sets by 
place ntal examinations and reached 
similar conclusions. He also noted 
dizygous sets as commoner at high 
parities. Despite his conclusion that 
monozygous twinning has no associa- 
tion with either age or parity, the data 
given show some association with both. 
The relation, however, is less marked 
for monozygous than for dizygous sets. 

Yerushalmy and Sheerar®°! determin- 
ed individual effects of age and parity 
for both monozygous and dizygous 
twins. With the differentiation of types 
of twin by the Weinberg method, and 
with birth rank constant, the maternal 
age effect was much stronger for 
dizygous than for monozygous sets. 
With maternal age constant, the fre- 
quency of both types increased w ith 
birth order. At ages under 25 years, 
the rate of increase with increasing 
birth rank was much greater for like 
sexed twins than for unlike sexed, 
whereas after 25 years the reverse was 
true. Maternal age would thus seem to 
have a more striking influence on 
dizygous than on monozygous twin- 
ning, but that this is the single w¢4 
involved, as so commonly assumed, i 
scarcely warranted by the 
data at hand. 

Triplets also show an_ association 
with maternal age which agrees with 
expectation calculated on the assump- 
tion that monozygous triplets are inde- 
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pendent of maternal age while debate as to whether the association 
dizygous sets increase with age of is more with birth order or with ma 


mothers*> Adequate separation of — ternal age. Recent vital statistics of 
age and parity by type of triplet is, of | the United States demonstrate that 
course, still more difficult than for while the sex ratio for livebirths falls 
twins. consistently with birth order, there is 

SEX RATIO. Variations in the propor- no consistent trend with maternal age 


tion of male to female births according when birth order is kept constant 
to maternal age were suspected’® as_ Fig. 3. : 


SEX RATIO 
(PERCENT MALE) 
WHITE 
OF 
NON-WHITE 
| 
50.0 
| 2 4a5 OVER 
| BIRTH RANK 
Fig. 3.—Sex ratio of livebirths according to race and birth rank { ted States of A 
1942-1949 
early as 1878. Vital statistics of many The sex ratio of stillbirths is high 
countries show the percentage of male younger and older mothers, and also 
births to decrease as maternal age in- high and low parities'**, but the rel 


creases, a situation that holds for the tive importance of age and parity h 
United States?®.19.129.159° Creat Brit- vet to be ascertained. Most of tl 
ain!®*.!27. a number of countries of con- change in sex ratio of stillbirths as 1 
tinental Europe!®’, Australia®*, and lated to maternal age can be account 
Japan'*®. Decreasing sex ratio with in- for by changes in the distribution 

creasing age of father has also been - stillbirths by cause at different matern 
recorded!**, However, a number of ob- ages, individual causes having differe: 
servers have noted a decrease in sex sex ratios'®’. These facts support tl 
ratio with increasing birth order*°%*1°". prevailing hypothesis that the know 
159 a matter that has led to much variations in livebirth sex ratios resi 


PREVENTIVE MEDICINE 


from differential elimination of sexes 
by some common cause or causes of 
early fetal death, which are related to 
birth order. Variations in sex ratio at 
conception according to birth order, 
or in a mechanism by which sex is 
determined after conception, are other 
explanations judged unlikely on present 
evidence 

The phenomenon of a varying sex 
ratio is not restricted to man. Changes 
with either birth order or maternal 
age, rarely separated in studies on ex- 
perimental animals, have been noted 


9 


in mice®="4, rats and several do- 
mestic animals'®?, 

BIRTH WEIGHT. Weight at birth was 
perhaps the first characteristic of the in 
fant to draw suspicion of an association 
vith maternal age or with birth order. 
General agreement now holds that 
first-born children tend at birth to 
weigh less than second-born, and that 
birth weight increases with parity. This 
behavior was noted in 1864, by both 
Hecker™® and Duncan*® 


been amply 


- and has since 
Several anthropometric measurements, 
uch as body length, head size and 
everal muscular measurements, have 
lso been shown to be smaller for 
firstborn than for later children*’. 

rhe superiority of later born children 
not long maintained. Many vears 
go!?, first-born children were demon- 
trated consistently to exceed later born 
stature and weight from the 6th 
ear to adulthood. Similar findings 
iave been re ported recently for 1 vear- 

and 3 year-old 
Opinion on relationship of maternal 
re to birth weight is much less uni- 
rm than for birth order. Duncan*® 
is one of the first to suggest that age 
erted a greater influence than parity, 
though others of the time considered 
effect of age to be small‘. Other 
idies*® brought out that weight as 
ll as other measurements is slightly 
for births occurring at the ex- 
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tremes of reproductive life, irrespective 
of parity. The first'’® of two recent 
and comprehensive studies on the rela- 
tive effect of age and parity has demon- 
strated for some 22,000 births that 
weight increases regularly with parity 
when age is fixed; but that no consist- 
ent relationship between weight and 
maternal age is apparent when parity 
fixed. In another series®? of 14,000 
infants, birth weight increased with 
parity; but with parity constant, a 
slight but significant negative correla- 
tion existed between birth weight and 
maternal age. The latter observation is 
in agreement with the findings of Klein- 
wiichter®® in 1884, that mean weight of 
first-born infants falls slightly with in- 
creasing age of the mother. Evidence 
has been introduced earlier in this re- 
view to show that the frequency of 
premature birth is not related to age 
or birth order. Variations in infant 
weight are thus not the result of shorter 
gestations of first pregnancies***™. 
CONGENITAL MALFORMATIONS. Asso- 
ciation between maternal age and con- 
genital malformation is an area better 
explored than most. Shuttleworth'®™*” 
in 1886, and again in 1909, pointed out 
that mongoloid infants tended to occur 
at the end of long families, with some 
one-third born of mothers over 40 
vears of age. Similar experience’! 
was reported by other early writers": 
170.189 Tn 1933, Je nkins*”” assembled 
cases from several of the larger report- 
ed sources of mongolism?*:53:142.184 and 
compared them with normal births 
occurring in the United States and in 
the Netherlands. The result was clear 
cut evidence of marked excess of 
mongolism in high maternal age 
groups. When maternal age was kept 
constant, birth order and age of father 
were of no significance. Comparison of 
maternal age, paternal age and birth 
order of mongols with similar data on 
normal sibs led Penrose'**""" to the 
same conclusion. Several confirmatory 
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reports have appeared in the past 15 
vears* The frequency of mon- 
golism, as determined directly by Cart- 
er and MacCarthy** from the known 
number of mothers in various age 
groups delivered in a number of Lon- 
don maternity hospitals, is illustrated in 
Fig. 4. The data are in close agree 
ment with those of Penrose, obtained 
bv indirect methods. 
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others involving lesser numbers* 
indicate a greater incidence with ad- 
vancing maternal age. Carter** found 
no residual maternal age effect on mal- 
formations when patients with mongo- 
lism were excluded. In a large series!** 
of malformed children with the condi 
tion recognized at birth, the frequency 
of fetal and neonatal deaths: was great 
er with advanced maternal age, but 


= 
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Fig. 4.—Cases of mongolism per 1,000 total births in selected London maternity hospitals; fror 
Carter and MacCarthy?* 


Demonstration of a maternal age 
effect in mongolism naturally led to 
search for similar relationships among 
other congenital malformations. Studies 
based on grouped malformations have 
given conflicting results. Murphy'** 
reports a marked excess of malforma- 
tions at high maternal ages, but the 
results are discounted in large degree 
by the fact that families were incom- 
plete at the time of study. The reports 
of Malpas'**, Buchi**, Hegnauer™’, and 


maternal age had no relation to fre 
quency of malformations for childre: 
surviving that period. 

Study of various combinations « 
grouped malformations, whether sele: 
tive or with attempt toward inclusiv: 
ness, is a useful preliminary to indicat 
more profitable lines of inquiry. As 
means of acquiring definitive inform: 


tion, the promise of result is about th 
to be anticipated through examinatio 
of all stillbirths or all infant deaths 
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a group. Much of the divergent opin- 
ion is to be explained by variations in 
the material studied, in the weighting 
of a group with some particular mal- 
formation, or in the choice of malfor- 
mations included within the group. 

Once a particular biologic character- 
istic is identified in connection with 
grouped malformations, the next pro- 
cedure is to examine the individual 
entities, insofar as they can be recog- 
nized. Malformations that appear to 
be clinical entities give no guarantee 
of an identical etiological derivation. 
Nevertheless, the markedly divergent 
sex ratios and other features that have 
been demonstrated for individual mal- 
formations, suggest that these clinical 
entities are a closer approximation to 
etiological units than is to be expected 
from such a group as “malformations in 
general.” They justify individual study. 
The rarity of some conditions intro- 
duces diffic ulty in assembling adequate 
numbers of cases for analysis. Some of 
the commoner defects have been 
tudied in detail. 

Malformations of the central nervous 
system account for somewhat more 
than half of all stillbirths and infant 
deaths attributable to  malforma- 
tions'**. In a study of all malforma- 
tions among 13,964 births in a mater- 
nity hospital'*’, anencephalus and 
hydrocephalus were most frequent at 
higher maternal ages, while spina bifida 
had no association with age. The 


numbers naturally were small. Other 
series having the same limitation of 
sm og all or with unsatisfactory 
have shown no association 


with age. 

la comparison of 144 grouped cases 
of iencephaly, spina bifida and 
hydrocephalus with their normal 
sibs'’“", maternal age was related to 
incienee. After correction for the 
effec. of maternal age, occurrence was 
som: vhat in excess in the first birth 
rank. and at birth ranks 7 and over. 
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For 2,922 malformed children identi- 
fied among some 160,000 births in 
Copenhagen the frequency of hydro- 
cephalus, spina bifida and anencephalus 
increased with maternal age. The most 
satisfactory series thus far reported 
compares deaths in Birmingham’ 
from malformations of the central ner- 
vous system with controls drawn from 
the birth registers of the city during 
the same period. Hydrocephalus was 
more frequent with advancing maternal 
age, while anencephalus and spina 
bifida were not. The latter two con- 
ditions were commoner among. first 
births and for births after the sixth, 
irrespective of maternal age. Changes 
in fertility of mothers of malformed 
children were not a_ contributing 
factor!®!”, 

The evidence relating harelip and 
cleft palate to maternal age is both 
incomplete and contradictory. One 
study'*? recognized an excess of pa- 
tients in early birth ranks and at early 
maternal ages. An _ association with 
either age or birth rank was non- 
evident in two others*®**. All three en- 
quiries had the common characteristic 
of unsatisfactory controls. Still another 
study'!* ended with the conclusion of 
no association between these anomalies 
and maternal age; but the data show a 
significant excess of patients at parental 
ages over 30, compared with the cited 
controls. A Danish experience** of 
greater incidence with increasing ma- 
ternal age has had confirmation in 
Great Britain'*’, at least for harelip, 
and harelip with cleft palate. Isolated 
cleft palate did not appear to show a 
greater incidence at high maternal 
ages. The association of harelip with 
age is of the order evidenced by hydro- 
cephalus, and much less than that of 
mongolism. 

Association of congenital heart dis- 
ease with maternal age has been re- 
ported?.1%.123, but a larger and more 
representative series'*° showed no re- 


ny 
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lationship when defects associated with 
mongolism were excluded. 

Collected information!*” on 303 cases 
of achondroplasia from widely scat- 
tered sources, gave evidence of signifi- 
cantly more mothers aged 30 years or 
over of achondroplastic than of normal 
infants representing births in the 
United States. Study of smaller but 
more homogeneous groups of cases 
from Denmark!*? and from Great 
Britain'!’’ has substantiated these con- 
clusions. From 18 reports of births of 
achondroplasiacs to achondroplasiac 
mothers** maternal age seems not to be 
a factor in familial achondroplasia, in 
contrast with the recorded behavior 
for sporadic or isolated instances. Of 
related interest is the recent report'*®’ 
of lower mean maternal age for sibships 
of two or more mongoloid children 
compared with single such births. 

Other studies have indicated asso- 
ciation of maternal age with ex- 


omphalos"**, 


talipes equino-varus”*, 
esophageal atresia** and _ congenital 
cranial osteoporosis'®*. The high per- 
centage of first-born infants among pa- 
tients with infantile pyloric stenosis 
has not been related to low maternal 
age 118* 

The ‘association of mongolism with 
maternal age is so definite that further 
work would seem most profitably 
directed toward identifying factors 
which are contributing to the associa- 
tion, rather than to confirming its exis- 
tence. Harelip, harelip with cleft 
palate, hydrocephalus and achondro- 
plasia appear to have a less definite 
association. Suggestive observations on 
exomphalos, esophageal atresia, osteo- 
porosis and talipes require confirma- 
tion. Investigation of age effect for all 
of these malformations, could well be 
extended. Age of father, for instance, 
has not been examined for any except 
mongolism. Many of the less common 
and less outstanding malformations 
have yet to be submitted to the simple 
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primary test of a relationship with 
maternal age. 


Maternal Age Effects Evident After 


Infancy. Maternal age has been ex- 
amined for association with some few 
diseases and for some biological chai 
acteristics not apparent at birth but 
becoming evident later in life. The 
ability to perform intelligence tests has 
had particul: ir attention, and an excel- 
lent summary'*! of the earlier literature 
is available. 
Francis Galton 


noted, in 1892, that 
the parents of a group ot eminent men 
were considerably older at the time 
these men were born than are most 
parents, an observation corroborated 
An excess of first births 
has been noted among Italian _profes- 


by others? 


sors**, for persons listed in American 
Men of Science?® and for “child 
geniuses The significance of all 
these reports is doubtful. The criteria 
t best arbitrary, the 
statistical emploved are fre- 


of eminence are 


quently questionable, and in the last 
analysis, no certain means are at hand 
to distinguish ability from opportunity 
to become eminent. 

At the other end of the scale 
Mitchell'*°, as early as 1866, noted 
relatively 4 times as many mental de- 
fectives born to women over 40 years 
ot age, as to mothers under that age 
No irregularity in order of birth was 
said to characterize a group of some 
10,000 retarded children in public 
schools®*; but re-examination and anal- 
ysis'*! of the data gave evidence of a 
gradually decreasing proportion of de- 
fectives with increasing birth order. 

In studies designed to test re- 
lationship between ability to per 
form intelligence tests and birth order, 
the average of intelligence quotients 
was higher at later birth orders*!:''°"™ 
181,194 although some authoritic 
— Less consistent results are had 
n relating this characteristic to mater 
age; and indeed some _ investi 
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Isl 


gators'*! report lack of definite correla- 
tion between intelligence quotient and 
maternal age. A seemingly positive re- 
sult from examination of 4,000 school 
children held even with family size 
constant, but only for those of superior 
which suggests that 
social environment is as much an influ- 
ence in the correlation as are biological 
factors. 

Other than manifest deficiency and 
genius, mental abnormalities have had 
little attention in respect to maternal 
age. Havelock Ellis quotes Marro!*® 
as finding a disproportionate number 
of criminals and insane among the chil- 
dren of fathers under 25 and over 40 
years of age, with the disproportion 
more marked for the insane than for 
criminals. 

In spite of all that has been written 
ibout the importance of family life and 
of early impression in the genesis of 
psychoneurosis personality  dis- 
orders, few objective data are available 
on maternal age as a presumptive in- 
fiuence. Patients with mothers over 40 
vears of age at the time of birth con- 
stituted 9.4% of 1,000 psychotics, as 

gainst 3.6% for 222 psychoneurotics 
and 3.9% for all births of the U. S. Birth 
Registration Area®. Another recent 


economic status! 


sti determined distributions of 
birth rank and maternal age of 500 
psychoneurotics, excluding patients 
with florid psychoses, and using 500 
patients in a general hospital as con- 
tr The higher maternal ages and 
the higher birth ranks had an excess 
ot affected persons. The association 
Wit. maternal age was somewhat more 
def ite than with birth rank, but at- 
ten ts to separate the two were in- 


col isive. 


association of cerebral palsy 
Wit! birth order and maternal age is 
mi the same as that observed in 
still! irths and neonatal deaths!®*. The 
fin vs are in agreement with other, 
sma cr groups of cases**14%, These re- 
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sults are not surprising in that many 
causative factors are common to the 
three situations. 

The average age of women delivered 
of infants later recognized as epilep- 
tic’ was somewhat greater than the 
corresponding average age of mothers 
of mental defectives. Other studies 
noted a greater risk of so-called idio- 
pathic epilepsy at maternal ages over 
40, less markedly under 20 years™ 
while a slight excess of observed over 
expected was characteristic of later 
birth ranks*!. 

Limited evidence exists of an in- 
fluence of maternal age on length of 
life. In 1901, Beeton and Pearson® rec- 
ognized mean expectation of life to be 
4 years longer for early children than 
for later born brothers and _ sisters. 
Dublin and Marks*’, examining insur- 
ance records for a relationship between 
expectation of life and age of parents, 
observed that quality as positively cor- 
related with age attained by parents. 
There was one consistent ‘departure 
from this general behavior. Younger 
insurance risks born when their par- 
ents were of more or less advanced age 
showed high ratios of actual to expect- 
ed deaths. They state “This character- 
istic has been noted in earlier investi- 
gations also, and in our judgme nt, it 
indicates a generally inferior vitality 
in such children. The causes that bring 
about a high maternal mortality among 
older mothers and for their infants 
probably affect the vitality of the 
children who survive, although the 
economic and other advantages of 
longer established families would seem 
tu act favorably on such children.” 

Material drawn from Scandinavian 
genealogies*® demonstrates that mean 
length of life decreases progressively 
w ith increasing maternal age, but with- 
out association with paternal age. The 
association was not limited to infants 
and young childen. At all ages up to 
45 years, expectation of life was higher 
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for the children of young mothers. Both 
males and females followed the trend. 

Maternal Age in Experimental Ani- 
mals. The main advantage of studies of 
maternal age in the experimental ani- 
mal is that observations are not limited 
to characteristics present at birth. In- 
vestigation of the range of effects that 
occur throughout life is practicable, 
because the life of the animal is within 
usual experimental limits. disadvan- 
tage is that animals are usually mated 
throughout the reproductive period and 
at each physiological period of heat. 
As a consequence, the effects of ad 
vancing age and increasing litter order 

difficult to separate. This reserva- 
tion is to be borne in mind during the 
following account. 

\s in man, fertility and fecundity of 
animals are related to age. Pearl'* 
1913, was so impressed with the com 
plete breeding history of a ewe, pub- 
lished in a farming journal, that he 
republished the data to support the 
principle previously stated by Mar- 
shall'*®, that fecundity starts from ster- 
ility, rises rapidly to a high point and 
then gradually falls off to sterility. The 
interval between litters cast by rats, 
the first usually at age 3 months, is 
shortest at about 7 months of age, and 
lengthens gradually thereafter to the 
last litter at about 18 months®*" 
cycles of old mice tend to be length- 
ened and irregular™. The number of 
offspring per litter also follows the 
same trend!** 


. Estrous 


*, reaching an early max- 
imum in the second or third litter, and 
thereafter falling off with advancing 
maternal age, a phenomenon that holds 
for a number of different strains of 
mice®*:!35 and also for The 
number of corpora lutea of pregnancy 
increases progressively'!** with birth 
order, at least until the tenth litter, 
and the reduction in viable offspring 
occurring after the second or third 
litter presumably is due to death of the 
ovum at some time between liberation 
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from the ovary and the later stages of 
pregnancy. 

Although the number of corpora 
lutea per pregnancy is known to ‘in 
crease with litter order rather than 
with age''*", no satisfactory separation 
is known of age and birth order as 
determining factors for numbers of 
viable offspring per litter. Some frag 
mentary data reported by Bittner’ 
suggest litter order as the more im 
portant. 

With inbred strains of guinea pigs 
the percentage of white in the coat in 
creases and the incidence’ of poly 
dactvly decreases with advancing age 
of the dam!" The association 
with polydactyly is probably the most 
striking relation with maternal age yet 
observed for any species, polydactyly 
decreasing from $3.3¢ in the offspring 
of mothers aged 3 months to 9.6% when 
the mother is 17 months old, a result 
confirmed by others for guinea pigs 
and also for mice*!. Numerous other 
instances of an influence of maternal 
age or birth order on the expression 
of presumably genetic traits among in- 
bred strains of mice, include such con- 


ditions as harelip'*” peculiar in- 


omaly of the external ear*’, malforma- 
tions of the vertebral column and ribs” 
and the condition of eyelids open at 
birth™*. The lesser frequency of spon- 
taneous leukemia of mice with increas- 
ing age of mother'' has resulted in 
assumption of a “maternal resistance 
factor that increases with age!”®. 
Methylcholanthrene, injected into in- 
bred strains of mice, predisposes to 
fibrosarcoma. A_ series of studies by 
Strong: demonstrated that. the latent 
period between the injection of the 
carcinogen and the appearance < the 
tumor was longer for mice belonging 
to early litters'™’, than for the progen) 
of later litters of the same parents 
Total incidence of tumors was lowest 
for mice of early birth orders. An ther 
and distinct strain of mice gav« the 
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opposite behavior, an increasing latent 
period with increasing litter rank'***. 
Further investigation of the first strain 
indicated that the association was 
present only in females, the latent per- 
iod for males remaining the same in 
all litters'™®*". Following appearance of 
the tumors, mice born in early litters 
showed a shorter survival time,’7*"" and 
more frequent invasion and metas- 
tases,'7*** than their later born siblings. 
These results were interpreted as in- 
dication of some factor influencing 
tumor susceptibility, of varying con- 
centration with age and capable of 
transmission by the mother to the off- 
spring. Of greatest significance is that 
this factor is apparently cumulative 
through successive generations!™*:', 
Sub-lines of mice established respec- 
tively by breeding from late and from 
early litters differed markedly from 
each other in their latent period for 
fibrosarcoma. 

Particular strains of mice susceptible 
cancer, harbor an agent'** in the 
milk of cancerous mothers which when 
fed to the offspring induces breast 
cancer later in life. The agent is most 
fective when administered to off- 


spring early in the neonatal period. 
Host resistance is acquired with age. 
The agent is filterable'®*", is of the order 
of magnitude of a virus'*® and is anti- 
genic'*® qualities which reasonably 
permit it to be regarded as a virus. 
7 agent is apparently not trans- 
mitted to mice born in early litters, but 
is transmitted to later litters of the same 
mothers, with a consequent increaséd 


inc lence of mammary gland tumors in 
ady inced litters'**. Whether or not this 


fa is, like Strong’s fibrosarcoma 
fac cumulative through successive 
ge itions, remains unknown. 

th advancing age the blood serum 
of «hickens develops the power to 
neutralize or modify the viruses of 
chicken sarcoma and 
A ilar situation occurs in rabbits 
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with regard to fibroma virus*!’ and in 
the pheasant, turkey, and 
guinea fowl"! with regard to the Rous 
sarcoma virus. Not only is age of the 
host a factor in the clinical progress of 
these diseases but the age of a donor 
animal may also determine whether or 
not the agent will invade. If invasion 
is successful, the clinical nature of the 
disease in the recipient is modified*". 
Whether the resistance factors, which 
clearly vary with age, are also trans- 
missible to the offspring would be use- 
ful information. 

Maternal age or parity has also been 
studied in relation to more complex 
hiological characteristics and to infec- 
tious diseases. Thus the percentage of 
mice born dead'**, and also the per- 
centage dying within 30 days of birth, 
was found to increase with advancing 
maternal age. Russell'®* found the 
highest incidence of juvenile diarrhea 
of mice among animals of first litters. 
Rams, which were the progeny of 
voung ewes, and also these sired by 
lambs or young rams, achieved the 
highest average prices and the lowest 
rejection rates in New Zealand stock 
markets’. 

Lower orders of animal also give 
evidence of maternal age effect. Young 
workers born.to immature female ants** 
were small and short-lived, compared 
with later offspring of the same moth- 
ers. On the other hand, the rotifer*®, 
as the progeny of older parents, did 
not live as long as those born of young 
parents. Lansing'’**, has demonstrated 
clearly the presence of a nongenic fac- 
tor that influences the longevity of this 
multicellular parthenogenetic aquatic 
organism. Activity of this factor is as- 
sociated with age of the parent. In two 
species of rotifer, length of life was 
related to age of parent when the egg 
was produced, and the presence of 
an “aging factor’, which increases in 
the body of the parent and can be 
transmitted through the egg to the off- 
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spring, is postulated. This aging fac- 
tor, it was found, could be concentrated 
by repeated selection of eggs from 
older animals through a series of gen 
erations, with progressive decrease in 
life span and eventual extinction of 
the “line” or “orthoclone.” On the other 
hand, repeated selection -of eggs pro- 
duced at the onset of reproductive life 
led to the establishment of orthoclones 
in which longevity was increased from 
24 days up to 104 days!°*”, Moreover, 
these trends were reversible, and or- 
thoclones which were on the point of 
extinction could be revived by selec- 
tion from them of eggs from newly 
matured animals. It is furthermore sug- 
gested that this aging factor is in some 
way linked to growth regulation, since 
the change from longevity-increasing 
to longevity-decreasing eggs occurs 
rapidly and coincides with the time of 
cessation of growth. 

The influence of age of mother on 
what might be called the social environ- 
ment of the offspring has had limited 
study in animals. As early as 1917, 
King®** noted that, “not infrequently 
the offspring of old mothers (rats ) 
were born dead or soon died from 
neglect as the mothers seemed unable 
to suckle them.” The mother rabbit 
evidences variation with age in the 
capacity or desire to build nests and in 
the aggressiveness of the mother to- 
wards her young. The form of these 
variations differs with strains of rab- 
bit!®°. Marked changes with age have 
been noted in the percentage of litters 
eaten by cannibal mice’? of various 
strains. 

Factors influencing many character- 
istics of a variety of experimental ani- 
mals have been revealed through ob- 
servations on maternal age. That more 
work has not been done on the separa- 
tion of age and birth order is somewhat 
surprising. Postponement of first litter 
to older ages is a simple matter. Many 
of the problems of animals have a 
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direct application to man, such a 
interval between births, induced and 
natural infertility, and the effect of 
local and general maternal disease. In 
vestigation through human material is 
only by arduous collection of past or 
completed events, often from sources 
difficultly accessible, and commonly 
lacking detail. In the laboratory such 
factors can be manipulated with much 
facility; and what is more important 
they can be subjecte ‘d to ade ‘qui ate con 
trol. 

Interpretation of Maternal Age 
Effect. The primary demonstration that 
an association exists between age of 
mother and either a specific disease or 
a recognized biological characteristic 
is no more than a first step in under 
standing the meaning or significance 
of that relationship. Furthermore, the 
mere fact that each of two conditions 
is influenced by maternal age_ bears 
no implication that causation in both 
instances is similar or even in any wa\ 
related. These facts are no deterrent 
however, to accepting examination for 
association with maternal age as an 
epidemiologic principle. Race, for in- 
stance, is well established as a primary 
epidemiologic variable, but the mul 
tiplicity of factors responsible for rac ial 
variations in frequency of  diseas 
could hardly be more diverse. Associ 
tions of morbid processes and, other 
conditions of the mother with maternal 
age, as distinguished from those ev! 
denced by the infant, are now c nsid- 
ered separately. Interpretation is cle rly 
different for the two. 

MOTHER. The elderly mother and ° 
especially the elderly primigr ida, 


enters pregnancy with evide nt handi 
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disease is probably more frequent 
among elderly multiparae’*, but for 
elderly primiparae the incidence is 
variously reported high*?* nor- 
A low incidence of heart 
disease in elderly primigravidae is not 
as paradoxical as it may seem, since 
many cardiac patients die young and 
survivors are less likely to marry late 
and become elderly primigrav idae'*. 

\ dissenting opinion** can be found 
in pir medical matters that involve 
judgment rather than factual evidence; 
but most authorities agree that con- 
tracted pelvis is more common among 
elderly primigravidae than with young- 
er mothers. The usual explanation is 
that an android type of pelvis is a 
frequent feature of the general “sterility 
Evidence that elderly 
primigravidae experience an onset of 
menses later than do women in gen- 
eral'®*, and that menstrual flow is often 
irregular''' tends to support this view. 
\n established correlation between 
late marriage or delayed pregnancy 
reproductive ine ficiency would 
itribute to improved unde rstanding 


of the high morbidity and mortality, 


rates associated with pregnancy among 
oider women. 

Some of the conditions listed among 
maternal effects, notably toxemia and 
placenta previa, could be classed with 


| validity among fetal influences. 
Other characteristics regarded as fetal, 
sl as multiple pregnancy and gross 
tetul malformation, mav also contribute 
to the recognized variations in maternal 


ris\ that come with increasing age. 

st of the obstetricians so liberally 
qu ted believe that the obstetrical risks 
fac by the elderly primigravida have 
overemphasized in the past, and 
are indeed little greater than for the 
yo! ‘ger primigravida. This view is not 
inc isistent with the impressive list of 
co! itions noted as commoner at high- 
er aternal ages. An association having 
dis’ ict causative significance may be 
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relatively trivial from the clinical point 
of vie W, because of the comparative 
rarity of the pathologic condition. 

OFFSPRING. Geneticists have long 
been concerned with associations be- 
tween infant characteristics and mater- 
nal age, principally as a means to 
distinguish influences of environment 
from those of inheritance, since genetic 
constitution is not affected by age*?. 
A condition has always been introduced 
that the freque ney of mutation con- 
ceivably varies with maternal age!!®; 
particul: irly so in view of the recent 
observations that all ova are not pre- 
formed at birth, but that ovogenesis 
occurs throughout adult life’*. How- 
ever, mutations can be regarded as 
environmental, being not dependent 
on genetic constitution of the parents. 
The validity of maternal age association 
as an indicator of environmental influ- 
ence remains. In addition, since explan- 
ations of relationships with age, of the 
order of those now known, would 
require mutation rates far in excess 
of any thus far measured or believed 
to occur, this proviso has of late been 
treated lightly. In mongolism, for in- 
stance, almost the whole of the dis- 
ease (incidence about 1.3 per 1,000 
births) would have to be explained in 
this way. 

Recent experimental work introduces 
further difficulty in attempts to distin- 
guish attributes derived through inher- 
itance and those arising from environ- 
ment, in that biological inheritance 
seems no longer restricted to purely 
genetic considerations. The work of 
Sonneborn'™ introduces the view that 
characteristics are transmitted from 
generation to generation by means un- 
explainable in Mendelian terms. What- 
ever the mechanism of this type of 
inheritance it varies with maternal age 
and birth order'®*:'™* in some instances. 
The possibility is reasonably enter- 
tained that man also has non-genic 
inherited qualities related to maternal 
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age; but the length of generations in 
man makes it unlikely that existence 
of such factors will be demonstrated 
within the immediate future. 

\ suggestively more profitable line 
of inquiry is an attempt to measure 
those unfavorable environments con- 
nected with particular maternal ages. 
To investigate all such situations is a 
task outside practicability. Sufficient 
evidence has been introduced to indi- 
cate the more likely modifiers of the 
fetal environment. A practical division 
is between environment before birth, 
in utero, and postnatal environment. 

The significance of maternal age as 
a factor in the changing intra-uterine 
environment has been studied almost 
exclusively in mongolism, for the rea 
son that this condition provides in man 
the most striking instance of an asso 
ciation with age. Hormonal alteration 
and the frequency of disease of the 
maternal reproductive tract have had 
the major attention. In Ontario, areas 
of high incidence of thyroid disease 
were found to coincide with areas of 
high incidence of mongolism'*, and 
the incidence of recognized thyroid 
disorder during pregnancy was some- 
what higher for mothers of mongoloid 
infants than of other mental defectives. 
Benda?! reported 10 cases of thyroid 
deficiency and goiter among the moth- 
ers of 75 patients with mongolism, and 
Williamson'®* reported one mongoloid 
child among the offspring of 48 moth- 
ers treated for severe hyperthyroidism 
during pregnancy. Thyroid disease 
clearly is more frequent with advanc- 
ing age, but the association with mon- 
golism is not striking and the number 
of patients thus far studied is small. 

\ high incidence of .disease of the 
reproductive tract among mothers of 
mongoloid infants has been better es- 
tablished. The collected results of in- 
dividual studies!11.163 jnclude 44 in- 
stances of hemorrhage during 216 
pregnancies that resulted in mongoloid 
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infants**. On the basis of further de 


t 


tailed case histories Ingalls***” suggests 
that the search for possible etiologi 
agents be centered on the sixth to 
ninth weeks of fetal life and that 

considerable variety of agents acts at 
this time. He has been impressed by 
the frequency of uterine retroflexion 
among mothers of mongols***, a view 
that has support in that 26 of 99 such 
mothers had a_ significant degree of 
retroflexion or prolapse of the uterus 
while only 5.5% of 248 mothers of nox 
mal infants had similar abnormalities 
Disorders of the reproductive tract are 
expectedly more common in the higher: 
age groups. More evidence is needed 
that for a given maternal age such dis 
orders are unusually common in moth- 
ers giving birth to mongoloid infants 

Worcester, Stevenson and Rice’ 
found greater numbers of abnormal 
placentae with increasing maternal age, 
but no unduly high incidence of ab- 
normal placentae in relation to ma! 
formed infants. Better information on 
the inherent causes of abnormal 
placentae would aid in evaluating this 
suggested mechanism in genesis of mal 
formations. 

Age of the mother conceivably stands 
in relation to age of the ovum, either 
through aging within the follicle o: 
through delay in transmission to the 
site of fertilization. Delayed fertiliza- 
tion is known to result in a high inci- 
dence of deaths and abnormalities in 
animals'*!5 as brought out in a recent 
review by Witschi!®. 

Antigenic incompatibility 
vanced by Penrose'® as a_ pos: 
factor in maternal age effect, on the 
assumption that immunity develops in 
better degree in mature than in im- 
mature animals; and as a consequence 
the elderly mother is more prone to 
develop transient immune react:ons 
against the embryo. This idea 1as 
another aspect. Resistance to infect ous 
disease increases generally with . ge, 
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at least within the reproductive period 
and for those diseases characterized by 
an enduring immunity. Likely explan- 
ations are through better ability to 
produce antibodies and through in- 
creased opportunity for contact with 
infectious agents. Malformation due to 
infections during pregnancy would thus 
presumably decrease with advancing 
maternal age. 

The age of the maternal parent as a 
feature of postnatal social environ- 
ment of the infant, and a consequent 
factor in developmental characteristics, 
is another kind of problem. Separation 
and evaluation of this attribute from 
all other socio-economic factors is a 
matter so difficult as to have been 
scarcely touched upon. Add the furth- 
er complexities inherent in the biologic 
ind physical environment of the de- 
veloping infant and the situation is 
more than baffling to the investigator 
who would seek, for instance, to ex- 
plain an association between intel- 
ligence quotient and either birth order 
or maternal age. In experimental ani- 
mals**-'®°) age of mother is known to 
the social inter-relationship of 
iother and progeny. There is every 
eason to believe that the same holds 
r man. Additionally, age of mother 

associated potentially with socio- 
nomic status, maternal physique, 
telligence and education of the par- 
t; and with nutrition and other in- 
ences acting on the infant. Factual 
idence on the value of these var- 
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iables in relation to maternal age, and 
as a feature of postnatal developmental 
characteristics of the infant is in a 
rudimentary state. 

Summary. Evidence derived from a 
wide range of diseases and disorders of 
mothers and infants supports maternal 
age at childbirth as a significant epi- 
demiologic influence in mass disease of 
man. The effect is manifest in the in- 
fant fraction of a population through 
diseases or biological characteristics 
that are many times apparent at birth, 
sometimes of later development but 
directly attributable to parturition, and 
occasionally in disorders wholly re- 
mote from the birth process. Numerous 
morbid processes of women are re- 
lated to age at which childbirth occurs 
and to numbers and elapsed interval 
of pregnancies. Observations on experi- 
mental animals suggest that maternal 
age effects occur in man under situa- 
tions not yet investigated and in rela- 
tion to diseases as vet unsuspected. 

Information on maternal age and the 
obviously related variables of paternal 
age and birth rank is suggested as a 
useful addition to epidemiologic en- 
quiries on specific diseases, especially 
chronic non-infective processes, even 
when no obvious connection is ap- 
parent between pregnancy or parturi- 
tion and the particular inquiry. These 
items are also a desirable part of the 
medical record of patients in teaching 
hospitals and in clinics concerned with 
research. 
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BOOK REVIEWS AND NOTICES 


VIRAL AND RICKETTSIAL INFECTIONS OF MAN. 

Edited by THomas M. Rivers, M.D., Di- 
rector, Hospital of the Rockefeller Institute 
for Medical Research, 2nd ed. Pp. 719; 74 
ills, 7 color plates. Philadelphia: J. B. Lip- 
pincott Co., 1952. Price, $7.50. 

[ue medical profession should welcome 
the second edition of this excellent work. 
It obviously fills a need for practical infor- 
mation on viral and rickettsial infections of 
man for the benefit of medical students and 
practicing physicians. The 30 contributors in- 
clude the outstanding workers in this field, 
and at their head is Doctor Rivers who com- 
bines with his broad knowledge of the fie'd 
an outstanding editorial talent. There is new 
material on Coxsackie virus, hemagglutina- 
tion of viruses, interference between animal 
viruses, epidemic viral gastroenteritis, cat 
scratch disease, and salivary gland virus in- 
fections. The format is convenient. There are 
numerous excellent illustrations and 7 plates 
in color. There is an extensive bibliography. 
The work is heartily recommended. R. K. 


DisEASES OF THE HEART AND ARTERIES. By 
GrorcE R. HERRMANN, M.D., Prof. of Med- 
icine, Univ. of Texas. 4th ed. Pp. 652; 215 
ills. and 4 color plates. St. Louis: C. V. 
Mosby Co., 1952. Price $12.50. 

For a one volume book on cardiovascular 
disease, the author has packed in a lot of 
valuable and pertinent material. The bouk 
begins with a brief but complete discussion 
of cardiovascular embryology, physiology and 
diagnosis of heart disease. All phases of the 
subject are covered. Of particular excellence 
are two chapters covering electrocardiog- 
raphy which include the development of 
electrocardiographic theory and an excellent 
section on arrhythmias. All information is 
accompanied by clear and concise diagra:as. 
Chapters on the classification of heart dis- 
ease, congenital heart disease and chronic 
rheumatic heart disease are complete in their 
information. Hemodynamics as ielated to 
congenital heart disease and chronic rheu- 
matic heart disease is included as well as 
a more specific section on normal values 
found from heart catheterization. There is 
one chapter on peripheral vascular disease 
which is brief in its content but propoitional 
to the size of the book. All in all the reviewer 
feels this book is of definite value. G. M. 
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AN ATLAS OF SKULL ROENTGENOGRAMS. By 
BerNarp S. Epstern, M.D. Associate Radi 
ologist, The Jewish Hospital of Brooklyn 
Brooklyn, New York and Leo M. Davmort 
M.D., Neurosurgeon, Mount Sinai Hospital 
and Director of Neurological Surgery, the 
Beth Israel Hospital, New York. Pp. 415; 
603 ills. Philadelphia: Lea & Febiger, 1953 
Price, $15.00. 

Tue Atlas of Skull Roentgenograms has 
succeeded in presenting a large number of 
excellent plates covering a wide variety of 
Roentgen pathology. The examples are not 
limited to single demonstrations but different 
manifestations of the same lesion have als 
been included. Along with the pathologi 
changes, examples of normal variation an 
variations of the skull at different ages a: 
well documented. 

As the title implies the text material has 
been reduced to a minimum. It is carefully 
chosen and well written. The plates ar 
clear and expertly titled. 

The emphasis is on plain film examination 
No attempt is made to cover encephalog 
raphy, ventriculography or cerebral angiog 
raphy. The authors do point out the valu 
of stereoscopic and planigraphic studies 
The latter and spec ial views (that is, ta 
gential projections) are demonstrated in th: 
book as adjuncts to the rountine examination 

The format and organization into chapters 
is logical and the text is clearly indexed 
making examples of specific Roentgen-ray 
pathological entities easy to find. It is ar 
excellent book. A. A 


Liver Injury. Edited by F. W. Horrsaver, 
M.D,. Assoc. Prof. of Medicine, Universit 
of Minnesota. Pp. 265; 96 ills., 20 tabl 
New York: Josiah Macy, Jr. Foundati 
1953. Price, $4.00 ci 

Tuts book consists of the recorded trans 
tions of the Eleventh Conference on Li 
Injury, a meeting sponsored by the Jos 
Macy, jr. Foundation and attended by 
specially invited group of clinicians and 
vestigators interested in various phases 
the anatomy, physiology, and pathology 
the liver. The free and informal discuss 
that are a feature of these meetings are 
produced verbatim, thereby placing the r 
er in the same position as though he 


L. 


has 
fully 
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actually been privileged to be present during 
the deliberations. The topics considered at 
this conference were Infective Hepatitis, En- 
zyme Activity in Human Liver, Morphology 
of the Liver, Mechanism of Biliary Excretion 
in Mammals, and Hepatic Histochemistry. 
These subjects will be particularly attractive 
to those with a aia interest in disease 
of the liver. The latter may also find stimula- 
tion for investigative work of their own in 
the ideas expressed and the experiences de- 
scribed by the conferees. For those who 
simply desire to become acquainted with 
current thinking in this field, this book may 
be recommended as a valuable reference. 


J. B. 


LONG-TERM Diaseres. By KNup LuNpDBAEK, 
M.D., Lecturer in Internal Medicine 
Aarhus University Medical School. Trans- 
lated from the Danish by Axe. ANDERSEN, 
Copenhagen. Pp. 197; 33 ills., 25 tables. 
Copenhagen: . Ejnar Munksgaard, 1953. 
Price, not given. 

Tus volume consists of a remarkably lk 
tailed and thorough evaluation of a series 
of long-term diabetic patients studied in the 
nunicipality of Aarhus. -There were 234 
patients in whom the diabetic manifesta- 
tions, their frequency, degree and corre- 
lations were tabulated, presenting a_rep- 
esentative picture of the intrinsic com- 
position of the long-term diabetic syndrome. 
The data, personally collected by the author, 
re supplemented by a review and discus- 

m of the contemporary literature dealing 

th each phase of the problem. An exten- 

section on The Eye in Diabetes Mellitus 

s contributed by Dr. V. A. Jensen. This 

nirable book will be of great interest to 
| physicians engaged in the care of diabetic 


tients. Cc. 


CunrENT TuHerapy, 1953. Edited by How- 
» F. Conn, M.D. Pp. 835. Philadelphia: 
B. Saunders Co., 1953. Price, $11.00. 


‘nis is the newest edition of a work in- 
‘ed to present the latest approved meth- 
of treatment for the practicing physician. 
less than 372 contributors have prepared 
ons for a book that is getting eee 
each edition. In many instances, several 
ibutors have been invited to give their 
tred method of treatment for a given 
ct. This makes for a certain amount of 
‘ication but at the same time gives a 
ler coverage and lets the reader exer- 


cise his own judgment. This book should 


find a wide appeal. R. K. 


FAMINE DiIsEASE IN GERMAN CONCENTRA- 
TION CAMps. COMPLICATIONS AND SEQUELS. 
By Per Hev_wec-Larsen, Henrik Horr- 
MEYER, JORGEN KieLer, Erica. Hess Tuay- 
SEN, JORN Hess THAYSEN, PAUL THYGESEN, 
Munke Herter Wutrr. Pp. 460; 25 ills. 
Copenhagen: Ejnar 1952. 
Price, Dan. kr. 35.00. 

Tuts book is a careful study of the re- 
sults of medical and social examination of 
1,282 Danes who survived varying periocls 
of internment in German concentration camps 
during World War II. There are chapters 
on hunger cachexia, hunger edema, polyuria, 
hunger, diarrhea, cardiovascular symptoms, 
metabolism, endocrine glands, avitaminoses 
incident to semi-starvation, mental disease, 
famine disease and its treatment and others. 
The incidence of tuberculosis as might be 
expected was high and was the most im- 
portant cause of long periods of incapacity. 

There is a chapter devoted to the symp- 
toms of repatriation. In describing conva- 
lescence, the authors state that in a surpris- 
ingly short space of time the body weight 
and the appearance of most of the repatriates 
became normal. This led to a false conclusion 
that recovery had been complete. However, 
this did not mean that working efficiency had 
been regained. In spite of normal weight 
and appearance, there was restlessness, fa- 
tigue, and vegetative nervous symptoms. 

Symptoms of compensation neurosis were 
found only in a few cases. The book con- 
tains a great amount of medical informa- 
tion and is an illuminating social study. 
There are 484 references. O. E. 


MepicaL OF NorTH AMERICA, 

Marcu, 1953. Nationwide Symposium on 
Nervous and Mental Diseases. Pp. 341; 
54 ills. Philadelphia: W. B. Saunders Co., 
1953. Price, $15.00 per annum. 

Tus issue is devoted to a symposium on 
the common organic diseases of the nervous 
system and those mental disturbances likely 
to be met by physicians in daily practice. 
Twenty-six authors have contributed 19 ar- 
ticles on various topics including neurological 
signs and symptoms and their interpretation 
and on the essentials of diagnosis and treat- 
ment of such conditions as convulsive dis- 
orders, acute purulent meningitis, tubercu- 
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lous meningitis, acute anterior poliomyelitis, 
the viral encephalomyelitides, the rickettsial 
diseases of the nervous system, acute intra- 
cranial vascular lesions, chronic subdural 
hematoma, ruptured lumbar disk, sciatica, 
multiple sclerosis, Parkinsonism, myasthenia 
gravis, progressive muscular dystrophy, be- 
havior problems children, acute psychotic 
episodes and chronic alcoholism. There is 
also an article on Erythroblastosis Fetalis. 
This is a very practical group of presenta- 
tions and they are up to the usual high 
standard of excellence of this publication. 


RESEARCH By Roy R. 
GRINKER, M.D., Clin. Prof. of Psychiatry, 
University of Illinois. Pp. 208. New York: 
W. W. Norton & Co., 1953. Price, $3.50. 


AN attempt has been made to formulate a 
conceptual outline for problems in psycho 
somatic research. This book is general in 
character and does not specifically outline 
research techniques. It is, nevertheless, of 
interest to individuals who wish to engage 

psychosomatic research. W. P 


PSYCHOSOMATI 


Mip-Century Psycuratry. Edited by Roy 
R. Grinker, M.D. Pp. 183; 3 ills. Spring- 
field, Ill.: Charles C Thomas, 1953. Price. 
$5.50 

Tuts book re presents the collection of sev- 
eral papers presented at the opening of the 
Institute for Psychosomatic and Psychiatric 
Research and Training of the Michael Reese 
Hospital, Chicago, Illinois. 

The editor, Dr. Grinker, says, “we plan 
to emphasize that clinical psychi: atry as rep- 
resented by study of the patient himself is 
only one small facet of the investigation of 
human behavior and its disorders. We are 
actually dealing with the science of be- 
havior that takes into consideration part of 
total functions of healthy and sick human 
beings as they are influenced by inter- 
personal relations.” Dr. Percival Bailey dis- 
cusses the “Cortex and Mind” from an 
anatomical and evolutionary standpoint. Dr. 
Ralph W. Gerard discusses current neuro- 
physiological concepts and their relation to 
behavior. Dr. George L. Engel takes up the 
defense mechanisms of the body as quantita- 
tive variables in a unitary concept of health 
and disease. Dr. David Shakow treats of the 
historical aspect of experimental psychology 
and discusses points of progress and obstruc- 
tion in the field. Dr. Therese Benedek dis- 
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AND NOTICES 
cusses the instinctual energies as compared 
with the energies which are constantly be- 
ing produced and which influence the al- 
ready constituted personality. 
Liddell makes a plea for determining the 
sources and uses of hopes and pleasures as 
well as focusing upon the problems of stress 
in disease. 

Dr. David M. Levy presents data_ illus- 
trating the methods of “Observational Psy- 
chiatry” as a technique. Dr. M. Ralph Kauf- 
man the recent developments 
within the field of Medicine which add to 
and extend theory and pra 
tice. Dr. Thomas M. French and Dr. Franz 
Alexander discuss the therapeutic applica 
tions of psychoanalysis and its derivatives 
Dr. Charles S. Johnson presents ways in 
which the social sciences have influenced 
psychiatry and a summary of the symposium 
is given by Dr. John P. Spiegel Oo. = 


HORMONAL AND NEUROGENIC CARDIOVASCI 

LAR DisorpERS. By WiLHELM Raas, M.D. 
Professor of Experimental Medicine and 
Head of Cardiovascular Research Unit 
University of Vermont. Pp. 722; 108 ills 
Baltimore: Williams & Wilkins Co., 1953 
Price, $15.00. 

Tuis is an interesting and important book 
An effort has been made to point out the 
interrelations between Endocrinology an 
Cardio-angiology. There are three separate 
divisions, one being the experimental cardio 
vascular effects ot hormones and neuro 


hormones, the second being the cardio 
vascular features in endocrine and neuroen 
docrine syndromes and finally. the sectior 
concerning endocrine and neuroendocrin: 
factors in cardiovascular syndromes. Thi 
book will be of value to cardiologists, e1 
docrinologists and internists. W. P 


On Burns. Edited by NatHan A. WoMAc} 
M.D. Pp. 178; 7 ills. Springfield, I! 
Charles C Thomas, 1953. Price, $5.50. 


Tuts book which stems from a civil 
fense symposium on burns should be r 
by all physicians who have to face the pri 
lem of the significantly burned patient. 
presents an excellent example of the val 
of intelligent discussion in medical edu 
tion. The multiple aspects of burn treatm: 
and their related problems are presen 
clearly and succinctly. 


The volume is of particular interest to 
surgeons and surgical residents. It is doubt- 
ful that the average medical student has 
the background necessary to obtain its full 
value. 

The informality of this symposium has 
been retained and adds much to _ reader 
interest and enjoyment. 

Dr. Womack and the members of this 
symposium are to be congratulated for an 
outstanding presentation of the various as- 
pects of a vital medical problem. 


THe Acegursirion OF Word MEANINGS: A 
DEVELOPMENTAL Stupy. By HEINZ WERNER 
and Eprrn Kaptan. Monographs of the 
Society for Research in Child Develop- 
ment, Inc., Vol. XV, Serial No. 51, No. & 
1950. Child Development Publications, 
1952. Price, not given. 

STUDY reports an experimental investiga- 
tion of the processes underlying the acqui- 
sition of word meanings through verbal 
contexts. It is an examination of many facets 
of such acquisition and symbolization, and 
the relating of these to developmental levels. 
The relationship of normal developmental 
personality changes to this acquisition is im- 
portant. Findings include the changing proc- 
ess of generalization with age; increasing 
flexibility with age; further evidence for 
ibrupt as well as gradual changes in mental 
development supporting the senior author’s 
general position that “mental growth, rather 
than being conceived as a straight increase 
of achievement is here seen as a sequence 
f rises and declines of processes, subserving 
such achievement.” Study is a contribution 
to the development of language behavior but 
vill be of value primarily to those having 
1 theoretical interest. W. M. 


He DIsTRIBUTION OF SUBCUTANEOUS Fat 
IN CHILDHOOD AND ADOLESCENCE. By 
Earte L. Reynoips. Pp. 189; 102 ills. 
Monographs of the Society for Research in 
Child Development, Inc., Vol. XV, Serial 
No. 50, No. 2, 1950. Child Development 
Publications, 1952. Price, not given. 


Tus monograph is divided into three sec- 
ons. 

The first reviews the literature concerned 
ith the study of adipose’ tissue and des- 
ribes in detail the utilization of Roentgen- 
'y techniques to provide accurate measure- 
rents of subcutaneous fat. 
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The second section presents the measure- 
ment of subcutaneous fat determined by 
serial films of various soft tissue areas of 
176 children in the Fell’s group. These 
measurements are supplemented by those in 
a group of infants and young adults. The 
direct measurements are then correlated with 
age, sex, height, weight and developmental 
status separately and in groups with detailed 
statistical evaluation. 

The third section is a group of descrip- 
tions of representative cases showing the ex- 
treme variation between “normal” individuals 
and the problem faced in the evaluation of 
any single child. 

This study is exhaustive. It will be of 
interest primarily to students of growth and 
development. It will be of occasional value 
to the practitioner as a reference of normal 
ranges in evaluation of individual problems 
of subcutaneous adipose tissue in the child. 
The measurements help in evaluating the 
meaning of body weight in any child. There 
is an extensive bibliography. W. B. 


THe Lire aNp Tres or Sik Epwin CHap- 
wick. By S. E. Fiver, Prof. of Political In- 
stitutions at the Univ. Coll. of North Staf- 
fordshire. Pp. 555; 3 ills. London: Methuen, 
1952. ( British Book Centre, Inc. New York, 
U. S. Agents.) Price $9.00. 

Tuts is both a timely and in several ways 
for medical men an important book about 
one of the leading figures in the field of 
public health. It is timely because of the 
remarkably rapid growth of this speciaity 
in the English-speaking countries in the pres- 
ent generation and important because of the 
even greater significance of public health 
that can be visualized for the near future 
and because of the role played by Chad- 
wick in pioneering this movement in Eng- 
land. 

The subject matter of the book necessarily 
deals chiefly with such unglamorous topics 
as the Poor Laws, Factory Acts, Sanitation, 
Sewers, Nuisance Removal, Interment, 
Boards of Health, and Sanitary Engineering. 
Nor has the man himself an engaging per- 
sonality to deal with: unbending, dogmatic, 
humorless, often intolerant, impatient, tact- 
less, scheming and aggressive, yet churlish in 
defeat, it is small wonder that he was 
frequently the focus of controversy and 
abuse and went down to a personal defeat 
on the Board of Health Bill in 1856 that 
withdrew him from official life. From the 
10 page bibliography, however, it is appar- 
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ent that his output of reports, addresses 
and pamphlets became greater than ever; 
continuing right up to 1890, the year of his 
death at the age of 90. 

His public life reveals some instructive 
parallels with our situation in this countiy 
in the past decade. His ideal was that ot 
his friend and teacher, Jeremy Bentham, “the 
greatest good for the greatest number.” 
Admittedly a bureaucrat, he favored central- 
izing as much as possible in the State gov- 
ernment, regarding the local representative 
boards as corrupt, inefficient and wasteful 
When asked where centralization of power 
should stop, his ready but impractical answer 
was “where waste stops.” Yet eventually the 
English ability for successful compromise 
brought about a good balance between local 
and central control of the health of the 
public. Can we do likewise? 

Professor Finer’s difficult task has resulted 
in a well documented record, if not always 
one that reads itself easily along. He has 
made good use of the copious hitherto un- 
used material of several collections of pri- 
vate and public papers in producing this first 
full scale account of Chadwick’s life and 
work. Finer points out that it was Chad- 
wick who achieved the awakening of British 
statesmen to the duty of caring for the public 
health and of bringing it under the protec- 
tion of Law, to quote Chadwick’s successor, 
Sir John Simon, as well as stimulating them 
to many actual improvements. The pleasant 
side of Chadwick’s personality is not ne- 
glected, such as his fondness for children 
and young people and for animals, and his 
courtesy and loyalty to those serving under 
him. This aspect is expanded in a character 
sketch (quoted in full) written in 1928 by 
his daughter, Marion, at the request of the 
director of the Chadwick Trust. 

From the above picture, it should be ob- 
vious that this book will be far more valuable 
as a documented record than as another svin- 
pathetic biography of an important public 
servant. K 


MODERN TREATMENT. A GutpE For GENERAI 

Practice. Edited by Austin Smitn, M.D., 
and Paut L. WerMER, M.D. Pp. 1146; 13 
ills. New York: Paul B. Hoeber, Inc., 1953. 
Price, $20.00. 

Tue rapid increase of medical knowledge 
makes it more and more desirable to put 
this vast material into convenient form for 
the practicing physician. This volume is an 
attempt to meet this need in the field of 
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treatment. After introductory chapters on 
Patient-Physician Relationship, Pharmacolog- 
ical Principles in Treatment, Principles of 
Clinical Immunology, and others, there fol- 
low presentations on therapy not only in 
internal medicine but in various special 
fields such as surgery, obstetrics and gyne- 
cology, insofar as they apply to general 
practice. The emphasis is on treatment but, 
when necessary, there is adequate back- 
ground and diagnostic material to orient tae 
physician. The 53 authors who have _par- 
ticipated in writing the book are all men 
with teaching experience. The book should 
find a wide and satisfactory appeal. R. K. 


FAMILIAL NONREAGINIC Foop ALLERGY. By 
ArtHur F. Coca, M.D., Oradell, New 
Jersey. 3rd ed. Pp. 287; 26 ills. Springfield, 
Ill.: Charles C Thomas, 1953. Price $10.50. 
Tus is the third edition of a monograph 

first published in 1942, in which Coca 

described a new method of diagnosis of food 
allergy, utilizing an increase in the pulse 
rate beyond 10 as the sole criterion. Because 
the reaction did not depend upon demon- 
strable antibodies, the syndrome was desig 
nated familial nonreaginic food allergy «1 
idioblapsis. Any individual having this puis« 
rate increase was regarded as food allergic 
and any symptom complex in which this was 
observed was attributed to idioblaptic al- 
lergy regardless of other etiologies. The 
present edition is an elaboration of ‘the 
author’s theory and experience with this 
method. It contains a simplified improved 
plan for pulse-testing single foods at 1 or 
% hour intervals throughout the day as well 
as chapters by various other contributors on 
the relationship of this type of food allergy 
to such conditions as + multipi 
sclerosis, essential hypertension and low 
grade infections including the common col 
as well as its value in the prevention of par 
alytic poliomyelitis and of dysmenorrhea 
nausea and vomiting of pregnancy and simi 

lar conditions. Conclusions as to its value i 

these conditions are based solely upon reli 

obtained in extremely small numbers of pa 

tients in whom improvement followed 1 

moval of the offending food as determine 

by the pulse-rate method without the use « 
adequate controls or without regard for th 
possible occurrence of remission which son« 
times occurs spontaneously in these diseas« 

(for example, multiple sclerosis). One 

struck by the ready explanations for t! 

failure of the pulse-rate method; thus if th 


orr 
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pulse variation does not return to normal 
limits, it is attributed to allergy to too mary 
foods, in which case, sympathectomy should 
be performed, or to sensitivity to inhalants 
like house dust, tobacco, or to the use of 
contaminating metal cooking utensils. Any- 
one with experience in the diagnosis of food 
allergy is well aware of the difficulties en- 
tailed when using only skin tests and trial 
diets. It was hoped, therefore, that this pulse- 
rate method would offer a new approach. 
However, instead of using it to help estab- 
lish the importance of food allergy in known 
illergic conditions where such help is 
needed, as for example, migraine, urticaria, 
or gastrointestinal allergy, the author chose 
to demonstrate its etiological importance in 
many conditions of unknown etiology which 
formerly and for justifiable reasons were 
not considered allergic. This has deterred 
most allergists from using this method, 
although in justice to the author, it should 
be investigated by impartial judges. How 
ever, for those desiring to use the method, 
the present edition is recommended. T. 


AcuTE Renat Farmure. By Joun T. Mac- 
LEAN, M.D., Royal Victoria Hospital, Mon- 
treal. Pp. 120; 53 ills., 5 in color. Springfield, 
[ll.: Charles C Thomas, 1952. Price, $6.50. 


In this monograph, the author, a urologist. 
eats chiefly of the etiology, diagnosis and 
erapy of so-called lower nephron nephrosis 
he author's qualification for this task ap- 
irs to be his experience with the use of 
e artificial kidney in cases of anuria. Ex- 
pt for the portion of the monograph per- 
ing to artificial dialysis, the coverage of 
topic is inferior to that present in many 
ent internal medicine texts. 
nfortunately, the treatise was apparent- 
prepared prior to the publication of Jean 
monograph on the lesions of “lower 
hron nephrosis.” Thus one of the most 
ficant contributions to the field is 
tted 
\side from errors of omission, several er- 
of commission are also present in the 
ewers opinion. On page 22, the electro- 
liogram shown seems to be a poor illus- 
m of hyperkalemia and resembles more 
ly the electrocardiogram of hvypocal- 
t. On page 67, the administration of 
im chloride is interdicted in anuria but 
use of sodium bicarbonate or sodium 
te is advised for the attendant acidosis 
ut any warning of its possible dangers. 


The statement that “ACTH may eliminate 
both the outward evidence of the disease, 
and the disease process itself” and the recital 
of a case of anuria which responded while 
receiving cortisone, places unwarranted con- 
fidence in these agents, agents which may 
well be contraindicated under the circum- 
stances. 

The author wisely concludes that it is dif- 
ficult to know if the artifical kidney is truly 
life-saving. He feels that it has tided some 
patients over critical periods of acute 
anuria. W. S. 


THe PRINCIPLES AND PRACTICE OF MEDICINE. 

By L. S. P. Davipson, B.A. CantaB., M.D., 
Professor of Medicine and Clinical Medi- 
cine, University of Edinburgh. Pp. 919; 
57 ills. Edinburgh: E. & S. Livingstone, 
Ltd., 1952; Baltimore: Williams & Wil- 
kins Co., 1952. Price, $6.75. 

AttruouGH the subtitle calls this “a text- 
book for students and doctors,” it is simply 
a compilation of lecture notes as delivered 
to students in the University of Edinburgh 
by the Professor of Medicine and _ thirteen 
other members of his staff. The coverage of 
many subjects is thin and in not a few in- 
stances very inadequate. Names and sources 
ere rarely mentioned. Although the book 
might be helpful to the students of this 
medical school, it cannot be recommended 
as a text of general usefulness. R. K. 


PHysiCcs AND MEDICINE OF THE UPPER AT- 
MOSPHERE. A StupY OF THE AEROPAUSE. By 
Ciayton S. Wuire, M.D., Director of Re- 
search, Lovelace Foundation for Medical 
Education and Research, and Orts O. BEN- 
son, JR., BRIGADIER GENERAL, USAF (MC), 
Commandant, USAF School of Aviation 
Medicine. Pp. 611; 196 ills. Albuquerque: 
University of New Mexico Press, 1952. 
Price, $10.00. 

In November, 1951, there was held at 
San Antonio, Texas, under the sponsorship 
of the Air University School of Aviation 
Medicine a Symposium on the Physics and 
Medicine of the Upper Atmosphere. The 
Lovelace Foundation for Medical Educa- 
tion and Research has made possible the 
publication of the contributions of 38 con- 
tributors, including leading scientists repre- 
senting many disciplines, institutions of learn- 
ing and research, and the Armed Services. 
The coupling of the terms “Physics” and 
“Medicine” in the title is significant of their 
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inseparability in planning the machines that 
are to carry man farther and farther above 
the earth’s surface, and some day into outer 
space. Here is indeed a preview of a new 


era R. K 


MepicaL Cirnics oF NortTH AMERICA. Bos- 
rON NUMBER, SEPTEMBER, 1952. Pp. 320; 
31 ills. Philadelphia: W. B. Saunders Co.., 
1952. Price, $15.00 per annum. 


THis Boston number is devoted to a svm- 
posium on Specific Methods of Treatment 
There are articles on the treatment of burns, 
the emergency management of chemical 
burns of the eye, the use of vitamin B,» in 
medicine, the antibiotic treatment of viral 
diseases, the treatment of pulmonary tuber- 
ulosis, bronchial asthma, laryngotracheal 
vronchitis, thrombo-embolism, peptic ulcer, 
hepatitis, motion sickness, and a dozen other 
important topics. The wide range of prac- 
tical subjects discussed will make this a 
particularly acceptable article to clinicians 


R. K 


FUNCTIONAL ENDOCRINOLOGY FROM BIRTH 
[THROUGH ADOLESCENCE. By NATHAN B 
TALBOT, EpNA H. SospEL, JANET W. Mc- 
ARTHUR AND JOHN D. CrRAwrorp, Harvard 
University Medical School. A Common 
wealth Fund Book. Boston: Harvard Uni- 
versity Press, 1952. Price, $10.00. 

luis is a complete and unqualifiedly illu- 
minating analysis of the functions and dys- 
functions of the endocrine glands throughout 
the childhood period. The word analysis is 
used advisedly, because of the thorough 
manner in which all phases of the endocrines 
have been gone into. The active principles 
of each gland are presented from the view- 
points of sites of production, physiologic 
activities, interrelations with homeostatic 
mechanisms and_ other hormones, clinical 
phenomena associated with hypo- and hyper- 
function, laboratory and metabolic ap- 
proaches to the investigation of disturbances. 
therapeutic substances and dosages, and 
related pertinent facets of modern endocrin- 
ology. The style is readable, the information 
authoritative, the illustrations and diagrams 
numerous and lucid, and the typographic 
arrangements a delight to the eye. Most of 
the case reports and tables of laboratory 
data are from the authors’ own rich experi 
ence. 

Apart from a few reservations with resvect 
to admittedly dogmatic statements regarding 
some minor points, the only major omission 


AND NOTICES 


from an otherwise comprehensive set of pre- 
sentations is the paucity of section pictures 
of the glands in disease states. These will 
probably not be missed except by ‘those in 
terested in the histopathologic correlations 
between morphologic and functional dis 
turbances. An exception is to be found in 
the testis chapter, in which are reproduced 
a number of biopsy sections of normal and 
abnormal tubular and_ interstitial cell pat 
terns. 

Pediatricians, clinicians, endocrinologists 
and all other physicians who wish a thorough 
insight into the normal workings of the en- 
docrine glands and the practical problems 
of the endocrinopathies will find this text- 
book eminently rewarding 


NEW BOOKS 


[he Psychopathic Delinquent and Criminal 
By Grorce N. THompson, M.D., Assoc 
Clin. Prof. of Neurology and Psychiatry 
University of Southern California. Pp. 161 
29 ills. Springfield, IIL: Charles C 
Thomas, 1953. Price, $4.50. 


Tus book is one of the many that deal with 
personality problems which are baffling to both 


law and_ psychiatry The author leans heavil; 
upon the theory that delinquency is due t 
hereditary defect or brain damage. He say 


“Psychological factors affecting the individual i 
a psychodynamic way seem to have little to d 
with the etiology of delinquency in the tn 
psychopath.” However, in order not to discar 
entirely the evidence presented by workers 
the psychogenic field he says, ““The syndrom 
of psychopathic personality develops upon tl 
basis of psychogenic factors working upon 
previously injured brain.” Evidence that tl 
brains of psychopaths have been damaged is 
conclusive. The bibliography has only sketcl 
references to work that has been done by al 
people representing the sociological-psychologi 
factors in this condition. At best this is an 
complete treatise on a very complex area 
human behavior oO. I 


Virus and Rickettsial Classification and N 
menclature. Edited by Roy WaLpo MIN 
Pp. 242; 24 ills. New York: New Y« 
Academy of Sciences, 1953. Price, $4. 


Rapid Chemical Micromethods _ for 
Analytic Fractionation of Serum Prote 
By Q. Worrson, M.D., «nd 
CLARENCE Conn, M.D. Pp. 15. Ann 

bor: The Overbeck Co., 1953. Price, $1.) 
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